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Man 1n Space

A Natiomal Historic Landmark Theme Study
Inrroductory Essay

The M2n in Space National Historic Landmark Theme S5tudy has been prepared for
the Congress and the Secretary of the Interior's Advisory Board in partial
fulfillment of the requirements of P.L. 96-344. The purpose of the Theme Study
is to evaluate all resources which relate to the theme of Man In Space and fo
recommend certain of those respurces for designation as National Historlc
Landmarks .

The Man in Space Theme Study considered resources relating to the following
general subthemes:

A. Technical Foundaticns before 1958

B. The Effort to Land &2 Man oo the Meoon

C. The Exploraticn of the Planets and Solar System

D. The Role of Scientifiec and Communications Satellites

The Theme Study consldered the Space Program im an integrated fashion. In any
given space mission thousands of scientists, techaicians, and other support
personnel were necesgary Lo insure success. These support personnel performed
vital work in a variety of ways using support fecilities in many parts of the
country. Hone of these personnel in all likelihood comprehended all aepects

of each space mission, yet all were wital to the success of the program. Since
individvual missions lasted over many vears and involved a wide variecy of
resources and people only a few managers at the National Aeronzutles and Space
Administration (NASA) were able to see all of the facets of the space program.
Yt was this coordination, cooperaztion, and collaboration thar enabled HASA to
successfully manage the American Space Program. The theme study follows this
same approach and attempts to ddentify, dnasmuch as is possible, the surviving
resources of those that were necessary to accomplish the goals of landing a man
on the moon and exploring the earth, planeta and solar syatem,

General Backg{ound

NASA's origins camn be traced to World War I and the realization that although
dmerica had fovented the alrplane we had fallen behind in the technelopy of
aeragnautical research. In 1915 President Woodrow Wilson signed lote law a
Bill establishing the Wational Advisory Committee for Aeronautics {NACA) to
remedy this situvation. RACA began work in 1920 with the establishment of its
first field office—the Langley Memorial Aeronautical Laboratery in Hampton,
Virginia.

As the years passed and significant wind tunnel research was accomplished at
Langley, WACA percelved the need for additional research facilities. In 1939
NACA esrablished its second field center--the Moffect Field Laboratory, in
California, later called the Ames Research Ceoter., Like Langley, Ames was
primarily devored to wind tunnel testing needed to support the growing American
alreratt industry.



In 1940 NACA established its third field center, in Cleveland, Ohio—the Lewis
Regearch Center. The purpose of Lewls was also to support aerpoavtical research
with specia] emphasis on the development of never, motre efficient engines. '

By the late 1940s NHACA als¢c had establighed two flight test centers--the
Auxiliary Flight Research Center at Wallops Island, Virginia and the NACA Muroc
Flight Test Unit at Edwards, Celifornia, later renamed the Dryden Flight Reseatch
Center.,

Also established during these early years were the U.5. Naval Research Laboratory
in Wasbhington, D.C,, and the Guggenheim Aeronautical Laboratory at the California
Institute of Technology, later called the Jet Propulsion Laboratory. Both of
these centers were scon concerned with resesrch involving rocket technology.

After the Second World War che interest of the Army in rockets a8 battrlefield
weapont led to the ilmportation of many German scilentlsts who had worked on the
Cerman ¥-~2 program. Thie group, led by Dr. Werner von Braun, was first stationed
at Fort Bliss, Texas, and later reassigned to the U.5. Army Redstone Arsenal, in
Huntsville, Alabama, The army greoup at the Redstone Arsenal eventually evolved
into the Ceorge C. Marahall Space Flight Center, :

After the launch of Sputnik 1 and the much publicized failure of the American
Vanguard Rocket, Congress passed the Kational Aeronautics and Space Act of 1938
that brought into being the National Aeronautice and Space Administration (NASA}
and the modern American Space Program,

When MASA began business on Qctober 1, 1958, the process of consolidating the
many pieces of the American Space Program wes iniltiated. By 1963, when the
[rocess was completed, NASA consisted of the following fleld centers:

Ames Research Center, Moffett Field, California: Ames contimued ite work in
furchering aeroacautical research using its fine wind tunnzl complex. Its role
in cthe Space Program was limited to the management of the Picneer series of
Spacecraft; space environmental physics; simulation technlques; gas dynamics
at high speeds; configuration, stability, structures, and guldance and contreol
of aeronautical and space vehicles; and blomedical aud bicphysical research.

Hugh L. Dryden Flight Research Center, Edwards, California: Dryden supported
flight testing of general aviation and high performance aircraft and space-
crafr; flight operations and flight systems; and structural characteristics of
aeronautical and apace vehicles,

Goddard Space Flight Center, Greembelt, Maryland: Goddard developed from the

Naval Research lahoratory after its transfer to HNASA in 1958B. The role of
Goddard is in the scientific research of space with unmanned satellites;
research and development of metesrological and communications satellites; and
tracking and data acquisition operaticns. The Goddard Space Flight Center also
manages the Goddard Institute for Space Studies in New York City which conducts
researel 1o astrophysics, planetary physics, and atmospheric physics.

Fl

L 4



George . Marshall Space Flight Center, Huntsville, Alabama: Marshall developed

from the U.5. Army Redstone Arsenal rocket prograo under Dr. Werner von Braun.
After the traansfer of Dr. von Braun and hisz group to NASA, Marshall continued
to work in the research and development of launch vehicles and systems to
iaunch manned and unmanned spacecraft; development and integration of payloads
and experiments for assigned space flight activities; and application of space
technology and supporting sclentific and engineer ing research. Hzrshall is
most famous for the development of the Saturn family of rockecs. Marshall alzo
managed the Michoud Assembly Facility in New Orleans, Louislanz where the giant
Saturn ¥ rocket first stage was built and the Slidell Cemputer Facility in St.
Tammany Parish, Louisiana, which handled computer data processing for both
Michoud and the Natilomal Space Technology Laboratories.

Jet Propulsion Laboratory, Pasadena, California: The Jet Propulsion Laboratory
was trausferred to NaSA from the 0.5. Army in 1938 and developed into NASA's
primary center for the exploration of the moon, planets, and solar system. JPL
alsc manages the Goldstone Tracking Starioun which is responsible for the tracking
and dabta acguisltion syskems necesgary to comzunicate with spacecraft exploring
deep space. JPL is operated for HASA ander contract with the Califoraia Institute

of Technology.

John F. Kenuedy Space Center, Flerida: The Kennedy Space Center in cooperaticn
with Cape Canaveral air Foree Station supports major NASA laenches. All moon
flights originated from Lavnch Complex 39 ar this site. The Kennedy Space

Center also manages the NABA Western Test Range Operations Difice at Vandeoberg,
California, which was responsible for the integratioem, test, checkout , and launch
of unmanned light and medium vehicles and the Whire Sands Test Faclility in Las
Cruces, New Mexico, which supported developmental and operational tests of
spacecraft propulsion and power generating syslemB.

Langley Research Center, Hampton, Virginia: Langley was the first NACA field
Tnctallation and thus the oldest NASA center, Through the use of its fine
complex of wind tunnels and cother facilitles Langley suppotts research in asro—
neutical and space structures and materials; advanced concepts and techniques
for future aircraft; aerodynamics of re-entry vehicles; and space environmental
physics, and improved supersonic flight capabilities. Langley has also provided
major support for most aapects of the Space Program including Projects Mercury,
Geminl, Apolloc, the Space Shuttie, and the Viking Praject.

Lewis Research Center, Cleveland, Qhie: Lewls is another of the criginal MNACA
ficld offices that was transferred to NASA 1m 1958. lewis was responsible for
power plants and propulsion; high energy propellents; electric propulsion;
airecraft engine neise reduction; enginme pollution reduction; and data bank
research loformation in aerospace safety. The most gignificant achievenent of
Lewis was in piloneering research that led to the developmeant of hydrogen as a
rocker engine fuel and In the development and tegting of new materials for
spacecraft and sireraft. Lewls also manages the Plum Brook Operatioms Division
at Sandusky, Ohio, where many of 1ts larger Cesting tacilities are located.

Lyndon B, Johnson Space Center, Houston, Texas: The Johnson Spacé Center wWas
created after Che farmation of NASA to manage the Amorican Manned Space Frogram.
Johnson ploneered in research and development of manned spacecraft systems;
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development of asgtromaut and crew life pupport systems; developmant and 1nteg’catin.
of experipents for space flight activitles; and application of space technology,

and supperting sclentific, englneering, and medical tesearch. Johnson was

recently designated as the lead NASA center in the davelopment of the manned

space statlon.

Wallops Flight Center, Wallops Island, Virgioia: Wzllops was acother of the

original MACA field installaciones thaet transferred to HASA in 1958, Walloaps
was respongible for launch facllities and services to other NASA installations
which conduct suborbltal, orbital, and space probe eaperiments with vehicles
ranging from swmall rocketa to the Scout four-atage solid fuel rocket.

National Space Technology laboratories, Bay S5t. Louis, Migsieaippi: The National

Space Technology Laboratorles {Mlssissippl Test Facility) was responsible for
static test firing of large space and launch vehicles such as the 3aturn V rocket.

Former NASA Installaticns

In addition ro the above existing HASA installations there were two facilities
that no longer exist:

Electronlcs Research Center, Cambrildge, Massachusetts: The Electroales Research

Center was responsible for conductlng research and developing advanced technology
in the area of space and aercnautical electronic components. It was closed 1a 1970.

Nuclear Rocket Development Station, Jackass Flats, Nevada: Tha MNuclear Racket

Development Station was rasponsible for conducting full-scale ground tests of
auclear reactors, engines, and flight stages for the nuclear rocket program. It
was closed in 1974,

Untited States Afr Force Facilities:

GCape Canaveral Alr Force Station, Brevard County, Floerida; Cape Canaveral Adr

Forece Station contains some of the earliest facilicies assoclated with rocket
experimentation and space exploration as well as active gpace-age installations
for current military and NASA programa, Tape Canaveral is best known for its
assoclation with Projects Mercury, Geamlnl, and Apollo as well as the launch site
for most satellites and deep space probea durlng the esrly years of the Americsan
Space [T OETamlt.

Edwards Alr Force Base, Edwards, California: Edwards alr Force Base is the site

of the Air Force Flight Test Center which conducts new and follow-on testing of
airerafr and related avionics and weapons systems., Edwards 1s also the home of
the Air Force Rocket Propulsion Laboratory and the Air Force Test Pilot Schocl.
Fdwards is presently the primary landing site for the Space Shuctcle.

VYandenberg Air Force Base, Lompoc, California: Vandenberg Alr Force Base is

the site of the lst Strategic Aerospace Divizion, Western Space and Missile
Test Center, Space and Missile Test Organizatien, and the Shuttle aActivation
Task Force. Vandenberg conducts missile crew training, and operates testing
and launch facilities for the Strategic Afr Command.



Contractor Sites:

In addition to the above NASA and USAF installations there were many contractor
facilities that were important fn the space program. These facilitles were not
visited during the courge of this theme study. It 1s not known what contractor
facilities associated with the esrly years of the American Space Program survive,
Additional facilities associated with Robett Goddard, the V.5 Army White 3Sands
Test Sites, and space hardware now in the collectlon of the Smithsonian
Institution will be visited and assessed during Fhase II of the Man in Space
Theme Study. '

Becommendations:

A. National Advisory Committes for Aeronsutics Wind Tunnels

1, Variable Density Tunnel (Langley Besearch Center)
2. Full Scale Tunnel {(Langley}

3, Eight-Foot High Speed Tunnel (Langley}

4, Unitary Plan Wind Tunnel (Ames Research Center)

These sites are recommended for designation as Natiomal Historic Landmarka
because they represent the fine technological base of aeronavtical researah
facllities created by the National Advisery Committee for heronautics. It was
on this base that the Matlonal Aercuautics and Space Administratien would build
to create the success of the American Space Program. The Variable Density
Tunnel wag the first wind tunnel in the world to use the principle of varlable
density alr pressute to test scale wodel aircraft. The Full Scale Tunoel was
the First full secale tunnel in HACA's inventory and contributed mightily to the
design of an entite new generatlon of aircraft in the 1920s and 1940s. The
versatility of the Full Scale Tunnel iz demonstrated by the fact chat today, 53
years after 1ts constructlon, it is still a major research tcol in NASA'o
inventory and ie being used to design a new generation of aircrafc. The EBight-
Foot High Speed Tunnel 1s important because it was the first cunnel to employ a
slotted throat design which gave aireraft designere accurate data on alrframe
per formance in the transonic range. The Ualtary Plan Wind Tunnel is significant
because it represents the continuing effort of NACA to update its wind tunnel
inventory to provide the American airceraft and aerospace industry with the =mweet
advenced testing facilities in existence in the world, The Unitary £lan Wind
Tunnel was extensively used in designing new generatlons of aircrait that
eventually led to the Space Shuttle of today. These wind tunuels represent
only a small fraction of the more than 65 wind tuenels currently in HASA's
inventory. -

BE. Rocket Engine Development Facilities

5, Rocket Engine Test Facility {Lewis Hesearch Center }
6, Zero-Cravity Research PFacility (Lewis)
7. Spacecraft Propulsion Research Facility {LeRC Plum Brook Operations Division}

These sites are recommended for designation as Martional Historie Lgndmarks
because they represent the imporctant role of the Lewls Research Center 1n
developing hydrogen as a fuel for the Centawr and Saturn ¥ rockets. The Rocket
Fngine Test Facilicy ploneered in the technclogy necessary to hapdle hydrogen



of handling liquids in a zero-gravity enviromment, and the Spacecrsft Propulsion
Research Facllity enabled engineers ac Lewis to hot fire full scale Centaur
engines in simulated space conditiona. The development of the Centaur and Saturn
Bock=ts was crucial to both the manned and unmanned epace programs of che United
Srates.

as a rocket fuel, the Zero—Gravity Research Facility ilnvestigated the phyaica .

C. Bocketr Engine Test Stands

8. Redstome Test Stand {(George C. Marshall Space Flight Center)
9. Propulsion and Structural Test Facility (Marshall)
10. Rocket Propulsion Test Complex (Natlcnal Space Technology Laboratories)

These facilitles are recommended for designation as National Historic Landwarks
because they represent the role of the Marshall Space Flight Center 1n the
building and testing of actual space flight rockets. Before any rocket 1is
@llowed to fly and be used on a manned mission 1t is firet tested by firing in
a static rest stand to verify ite flight status. The Radstone Test Stand was
the firet facility of this type bullt at Marshall by Dr. Wetner von Braun. The
Redstone test stand tested the Mercury/Redsteone missiles used to launch Alan B.
Shepard and Cus Grissom on thelr first space launches. The Propulsion and
Structural Test Facility was lmportant in the teating of the Saturn 1B vehicle
and repregents rhe evolution of test stand technolgy from the days of the Army
Redstone Missile to the Solid Rocket Boosters used on the Space Shuttle today.
The Rocket Propulsion Test Complex was used by Marshall to test and man-rate
all Saturn ¥ rockets used in the Apollo Program.

D. Rocket Test Facility .

11. Saturn V Dynamic Test Stand {Marshsall)

This facility illustrates ancther facet of the bullding and testing and man-rating
of the Saturn V Rocker, After every Satuin V¥V was tested on the firing stand 1t
was brought to the Dynamie Test Stand for mechanlcal and vwibrational tests fo
determine Lre structural integrity. This process was part of the extensive
ground testing program for the Saturn ¥ Rocket and it ie a primary reason for

the success of the American manned gpace program. Tests conducted here gave

KASA and industry engineers their laet chance to detect and cotrect any flaws

in the fully assembled Saturn V.

E. Rockets
12, Sarurn V Space Vehicle

At this time the only rocket recommended for designatiom as a2 WNational Historic
Landmark is the Satern ¥ at the Alabama Space and Rocket Museur. This vehicle
is one of only three remaining Saturn Vs in the country. It was selected to
represent the ¢lass of Satura V rockets because of iis Integrity and assoclation
with its site-—the George C. Marshall Space Flight Center. All three stages of

the vehicle and rhe lpstrument ring sre Intact, The vehicle is wéll maintained '

and in a good state of preservation. This Saturn ¥V was the original test vehicl
used in dynamic testing of the Saturn support facilities at the Marshall Space



Flight Center. While mot Lntended to fly itself, this Saturn ¥ was a working
vehicle with all of its parts intact, and prepered the way for all the Saturn . :
¥s rhat did fly and were lost after having completed their missions. '

F. Launch Fads
13. Space Launch Complex 2 (Vandenberg Alr Force Base)

Space Launch Complex 2W at Vandenberg Adr Farce Base is recomendad for
destgration as a Naticenal Histerie Landmark because it is the finest remaining
example of a 1950s-¢ra launch complex in the country. 411 facilitles associated
with the slte are intact. The blockhouse tetains the original electronic
equipment. The only medifications to the site over the years lnvolved changing
from the Thor to the Delta Rockets. Since the Delta 1s descended from the Ther
Rocket, modifications were minor,

G. Apollo Training Facllities

14, Lunar Landing Research Facllity (Langley)

15. Rendezvous Docking Simulator (Langley)

16. Lunar Landing Training Vehicle {Alabama Space and Rocket Canter}
17. Keutrtal Buayancy Space Simulater (Marshall)

These facilities are recommended for designationm as Rational Historic Landmarks
hecause of their asspciation wlth trainlng programs necessary Lo prepare American
astronauts to land on the moon. The Lusar Landing Research Facllity aocd the
Lunar Landlng Trainiog Vehicle represent two different philosophies within NA3ZA
on how to fly the last 150 feet to the Lunar surface. The Lunar Landing Rezearch
Facllity employed a mock Lumar Excursion Module zttached te a fixed Facllity
while the Lunar Landing Training Vehicle was & free flying vehiela used to
replicate Lunar Excursion Module flight dynamlcs here on Earth. Both methods
were used to tralm Apollo Astronauts. The Rendezvous Docking Simmlator Is

the only surviving trainer that Gewini and Apolls Astromauta used rp practice
rendezvous and docking technlgues needed to link the Lunar Excursion Module and
the Compand and Service Medule in Space. The abllity to link these Lwo vehicles
in gpace was critical to the success of the Lunar orbit Rendezvour technigque

for landing on the meon. The Neurtral Buoyancy Space S$ipulator was used to
familiarize apolle astronauts with the dynamics of zero gravity whi le operating
outside of the Apollo Spacecrafl.

B )
H. Apelle Hardware TEst Faciliry
18, Space Envirvenment Simulation Laboratory (Lyadon B. Johmson Bpace Centar)

The Spate Eavironment Simulation Laboratory is luporiant beecause it was used to
man—rate and test the Lntegrlty of the Apollo Command 2nd Service Module, Lunar
Module, and spacesuits under simulated space conditisns here on Eatrth. This
testing was esseatial to the safety and well belng of the Apolle astronauts.
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1. Unmanned Spacecraft Teat Facilitles

19, BSpacecraft Magnetic Test Facility (Goddard Space Flight Center}
20, Twenty-Five-Foot Space Simulator (Jet Propulsion Laboratory) '

These facilities are recommended for designation as National Historlc Landmarks
because they 1llustrate the extenmslve ground support testing facilities needed
to accomplish the Amerigan unmanned space program—-the exploration of the near
and deep space environment. The Spacecraft Magnetic Test Facility represents
the role of rhe Goddsrd Space Flight Center in the Americen space program. This
facility, the only one of its type in NASA's inventory, epables NASA to determine
and minimize the magnetic movement of even the largest unmanned spacecraft and
thereby ellminate unwanted torques due to the interaction of the spacecraft with
the Earth's magnetic field. The Twenty-Filve-Foot Space Simulator is the oaly
NASA facilicy capable of producing the true Iinterplanetary conditions of eold,
high vacuum, and intense solar radiatfon coupled with a large test chamher that
can accommodate large space vehicles. Both of these facilities have contributed
to the success of che American unmanned space program and represent the techno-
logical sephistication of the support fzcilities necessery to accomplish that
pProgram.,

J. Tracklng Stations
21, Pioneer Deep Space Tracking Station {Goldstone Tracking Station)

The Pioneer Deep Space Tracklng Station 1s recommended for designation as a

National Historic Landmark because it was the first antenna to support NASA's
unpanned exploration of deep space. The technological achievements necessary teo -
track deep space vehicles were first demonstrated and put inteo use at thils site.

The Pioneer Station was later joined by dozens of additional tracking stations .
around the world., This site 1}lustrates the rele of Goldstone and the NASA

tracking system in the American Space Program.

K. Mission Control Centers

22. Space Flight Operations Facillecy (JPL)
23. Apollo Mission Control (Johnson)

Thege sltes are recomnended for designsation as National Historic Landmarks
because they are the very heart and soul ¢f both the American Manned and Unmanned
Space Frograms. The Space Flight Qperations Facility at the Jet Propulsion
Laboratory represents the role and achievement of JPL in the American effort to
explore the moon, planets, and sclar system: Projects Viking, Voyager, Pioneer,
Ranger, and Mariner opened new worlds for exploration and human understanding.
The Space Flight Operations facility ie the symbol of this effort and che
facility at the Jet Propulsion Laboratory is the one most closely associated
with this effort. Applls Mission Coutrol at the Lyndon B. Johnson Space Flight
Center represents the role and achievement ¢f Jobnson in the American maaned
spaceflight program. Tt was to Apollo Mission Control that Well Armstrong
reported his famous words that man had first landed on the moon in July 1969,




L. Other Support Facllities
24, Rogers Dry Lake (Edwards Alr Force Bage)

Although a natural reagurce the Rogers Iry Lake 1s racommended for designation
as a Naticnal Historie Landmark because of its assoclation with flight testing
of advanced alreraft that opened the way Lo Bpace. The natural attributes of
clean alr, isalated locatlon, ideal weather, proximity to variable terrain,

and the large surface of the dry lakebed provided a natural laberatory in which
to Flight test aircraft fhat were on the cutting edge in aviaticon and aerospace
technology. #4s a respurce Lhe Ragers Dry Lake has contributed as much to the
Amer ican aircratt and aerospace effort as any papmade facllity. Starting in
1947 with the flight of the Bell X-1, the first plane to break the sound barrier,
te the landing of the Space Shuttle Columbia in 1981, the Rogers Dry Lake has
been the scene of pome of the mest important developments in the histoty of
aviation.

Previously Deslgnated Sites

Cape Canaveral Alr Force Station was designated a National Historic Landmark onm
april 16, 1984, Launch Complex 39 at the Kennedy Space Center was listed on
the MNatiomal Register of Historic Places on May 24, 1973,

Summar ¥

The 74 recommended rescutces contained in this phase of the Man in Space Theme
study represent only & small fraction of the technological resources that were
necessacy to support the Asmerican space program. They ate recommended for
designatiun as Wacional Historic Landmarks because they represent the best and
most important surviving examples of this technology. Due to the rapld change
of the space program and evaolving cechnologles, supporl facilities simply do
not survive or survive in a greatly altered state. The efforts to land a man
on the mgon, investigate the neat Earth eavironment, and explore the planets
and solar system were supported from a technological base that reflected a
depth and variety of support faciliries that were unprecedented in American
history. Many of these resources have long Eince been destroyed, abandoned or
altered to meet the changing demands of the space program. The 24 facilities
reflected in this theme study are bul a fraction of this resource base. They
are the best, most intact, and most important resources that have survived.
Their variety and range reflect the much larger tecihnological base that provided
the foundation of the space program. It is hoped that this selection will
survive to interpret for tuture generations the early years of the American
space program.






NATIONAL ADVISORY COMMITTEE FOR AERONADTICS WIND TUNNELS

1,
2.
3.

4.

Variable Density Tunnel (Langley Research Center)
Full Scale Twnanel {Langley)
Eight-Foot High Spesd Tunnel (Langley)

Unitary Plan Wind Tunnel {Ames Research Center)







risn 1n Space Thems Study

MRS Farm 10830 Federal Agency Nomination
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United States Department of the Interior

ational Park Service For NFS use only
National Register of Historic Places receivad
Inventory—Nomination Form date emered

See inatructions in How o Complete Mational Register Farms
Type al entriss—complete 2pplicabla sectlans

1. Name

histgric  Variable bensity Tunnel

andior commaon Variable Density Tunne!

2. Location

strest & numbar  Langley Rosearch Centoy —-_ not for publization
Giky, lown Hampoton vicinity ol ¢ohgresalonal distrles
state  Virginia cods 51 COUNLY  yamoton code  gon
3. Classification
Category Owrnership Staius Preseni Uss
— disiriet _# . publlc —_ ocrcupied .. agricuiture B TR
. — buitdingis)] . privale —— unoceupled o commarcial — park

_K_svuetura — .. both —_ WOrk In prograss — educational o —— privame realdarts
____alla Public Acqulsitlon Accasslbie — anbartalnment _ raligldus
. Objact —— In process S yeus: rastrictod — - governmant e BElantitic

— being conaidered — yesa: untestrictsd —— industrial — tranapartation

= D —_ miiitary _¥_ othar: Abandoned

4. Owner of Property

namea maticnal heronautics and Space Adricistration (WMASH)

streel & number

thy, iown Washingtan e ViEInIty af state D.C. 20046

5. Location of Legal Description

courthiuse, reqistry of deeds, aic. Mational heronautics and Space Administration (NASA)

street & numbar Ss=al Froperty Management O0ffice Code NG

city, lown Washingens B siate  T1.00. 20846

6. Representation in Existing Surveys

. title wone hasa this properly been dmermined eligible? _ ysa . na

date — ftederai _ swmte _ counly __ Jocal

depository for survey recorgs )
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7. Description

Condlilon Check ane Chack one

— excellent o datmtiorsted __ unaliered =X orlginal sits
—X_ pood —— Fuing o attered — U1 date
— fafr e dnexposed

Deacribe the present and criginal {if known)] physical appesarance

The Varishle Deneity Tuomel (VDT) 1s in Building 582 in the East Area of the
Langley Research Ceater.l The VDT was constructed during the period from

1921 to 1923 at the divectlon of the National Advisory Committee for Aeronautics
(NACAY .

The tank of the VDT was built by the Newport News Shipbuillding & Dry Deck Co.,
of Mewport Kews, Virginia. It ip copable of withetanding a werking pressure

of 21 atmospheres. It 1e bullt of steel plates lapped and riveted according to
the usual practice in steam holler conetruction, although, because of the size
of the tank and the high working pressure, the consttuction is unusually heavy.
Entrance to the tank ia gained through an elliptical door 36 inches wide and 42
inches high. The tank and 1ts contents weigh 100 tons and are supported by a
foundation of reinforced concrete.? The tank is 34.5 feet long and 15 feet

in dizmeter with interior steel walls 2 1/8 inches thick. To minimlze tank
volume and the guantity of structural steel required (85 tons), an annular flow
schens was adopted, The tast section wag made 5 feet in diameter ro mateh the
tlational Advisory Committee for Aercomautics (NACA)} Wind Tunnel Ho. 1. The
maximum aicr velocity was 50 MPH at = pressure of 20 atmospheres.

The ¥YLT was partially destroyed by fire ia 1927. The interior of the tunnel
was damaged but the exterior pressure tank remained intact., The tuonnel was

rebullr and was operatiomal again by 1930.

By the 1940s the tummel was obsolete by the standards of the day and was putted.
The VDT continued to serve the needs of NACA and was used as & pressure tank to
supporc the operation of the Vertical Wind Tuunel and the Low Turbulence Wind
Tuncel, The VDT continued to serve in this capacity until it was declaered
potentially unsafe for further operations in 1%78. Addirional medifications

dur ing this time tneluded the removal of the viewing platform and porthele from
the tunnel,

The basie structure of rthe tunnel remains Intact. At the present time there
are ng plans for the uwse of the Variahle Density Tunnel.
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statzment of Bigniticancs {in one paragraph}

The Variable Density Tunnel was the Eirstc facllity to establish FACA as a
technically coumpetent research organization., The tunnel was a technological
gquantun jump that rejuvenated American aerodynamlc research which in time led
to the best aircraft in the world,3

The success of the Wright Brothers airvplane was followed by 2 technological
backward slide by the American aircraft industry. 8ricish, French, and (erman
deslgners soon sutpassed the Wright Brothers and other American aiceraft builders.
By Worild War 1 the United Srates had elipped into a position of technolegical
inferigrity comparcd to the Eurcpean designets.

To support their aircraft industry European designers bullt major wind tunnels
ko fest acvw theories and to discover better methods of bullding aircrafc. To
tegain for Amecica Lhe techneduglical leadership in the Eield of girgraft design
and manufacture, President Woodrow Wilson signed into law a bill establishing
the National Advisory Committee for Areonautics (NACA) Mareh 3, 1915,

The responsibility of MAGA, as the new agency was called, was to "supervise and
direct rhe study of the problems of flighe, with a view to their practical
solutioi...." The act alsc provided for the constructlon of research facilitles
and a laborarory site near Hampton, Virginia. Thus the Langley EResesrch Center
came into being in 1917.

(riginally calied Langley Memorial Aeronauntical laboratory, later just Langley
Aeronautical Laboratory, NWACA langley immediately set about the problem of
building a wind tunnel to eonduct aeronautical research. Because of the lack

of experience in this area Langley first consctructed NACA Wind Tunnel Ho. 1, a
low speed tunnel with oo reters circuoit for air passing through the tesc section.
Although useful as a learning tool, this tunnel was cbsolete by the standards

of the day and produced no significant fiondings.

In June [92]1 HaCA's Executive Committee decided to leapfrog Burcpean wind
cunnel techoology and build 2 tennel in which pressures could be varied. This
concept was strongly advocated by Max Munk, 2 HACA technical assletant, who was
familiar with European wind tunnel design frowm-his days at Gattingen. The
purpose of the ¥ariable Density Tunnel, that Munk advocated, was to solve the
prablem of applying cxparimentsal results obtained from scale model aircraft to
full size aireeaft. Almost all wind tunnel tests ac the time were, and still
are, performed on scale model aircrafc because of the expense involved in
constructing full scale wind tumnels,
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In a classlc set of experiments, Osborne Reynelds (1842-1912) of the University
of Manchester demonstrated that the airflow pattern over a scale model would be
the same for the full scale vehicle 1f certaln flow parameters were the same in
both cases. This factor, now known as the Reynolds number, is a baslc parameter
in the description of zll fluid—flow sltuations, including the shapes of flow
patterns, the ease of heat transfer, and the oaset of turbulence.%

In 1921 all wind tunnels were pperating 2t normal atmospheric pressure using
scale models. This meant that experimental results usiong thess wind tunnels
were open to question because the Reynelds number obtained did not mateh those
encountered in using full scale aireraft. Thus the Reynelds number of a 1/ 20~
scale opdel being tested at operatiomal flight velocities in an atmospheric
wind tunnel would be too low by a factor of 20. HACA engineers realized that
sinve the Reynolds number is also propertional Lo air density that s sclution
was possible by testinmg 1/20-scale models at a pressure of 20 atmospheres. The
Reynolds number would be the same in the wind tunnel as in actual flight.5

This was the significance of the Variable Density Tunnel. The VDT, for the

First time, placed in the hands of NACA engineers a research tool supericr fo

that found anywhere else in the world. The VDT was able to predict flow char— .
acteristics of test alreraft models more accurately than any other tuanel then

in existence. The VOT quickly established itself as a primary source for .
aerodynamic data at high Reynelds numbears.

The result of this research led te the publication of NACA Technical Report 460
in which aercdynamic data for 78 related airfoil sections were presented.
Information coantained in this report eventuwally found its way into the design
of such famous airerafr as the DC-3, B-17 and the P-38.

The VDT established WACA as a technologically competent organization and led to
the production of superior American aircraft that have dominated the airways of
the world since that time., All modern Variable Density Tunnels now in operation
are but an extension of the originel ideal first formulated and put inte cperatiom
by Max Munk in 1921 with the censtructicn of the original Variable Density

Tunnel at Langley.
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Fooknotes

1. Much of the material in Secticns 7 and 8 of this report has been adapted
from Donald D. Baals and Willism ®. Corliss, Wind Tunnels of NASA
{Washington, D.C.: National Aeronactics and Space Administration, 1981),
pp. 917,

2. Elton W. Miller, The Variable Density Wind Tunnel o9f the National Advisory
Committee for Aeronautics Part LI, Techalcal Report Ne. 227, (Washingten, D.C.:
National Advisory Committee for Aeromautles, 1925), pp. 411-412.

3. Baals, L7.
4. Ibid., 3.

5. Ibid., 15.
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Identification Key to Plotures

l. Wame of Properly

2. ity and State where located

3. Name of Photographer

4. Date of Photograph

5. Location of Photograph Megative
f. Description of View

KASA, langley Research Center Archives
Exterior view of ¥DT in Bullding 582

-

i. WVariable Density Tunnel
2. Hawpten, Virginia

3. HACA

4, 1928

5

6
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Modern exterior view of VDT in Building 582
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. Statement of Bignificancs {in orne paragraph)

By 1929 the original NACA Langley wind tunnel compliex was completed and turning
out useful high quallty aercdynamic research data. In splite of this achievement
NACA engineers realized that there was a gap in their wind tunnel inventory.
They needed a full scale wind tunmel.

Although the Variable Density Tumnel gave NACA engineerg confidence in sealing
up test results from models, several reaearch areas could be explored only with
full-scale models or with actual aireraft. The VDT was limited when the aero-
dynamie characterisclcs of a complete airplane were deslired heczuse it was
practically impossible to bulld a waodel of the required size that 1s a true
reproduction of a complete airplane, This difficulcty is increased by the
requirement that the model withstand large forces. Some of the guestlons thar
needed to be answered involved solving drag penalcies due ro external struts,
surface gaps, alr leaks, and englne coollng insulatlon. These questions could
only be answered by using full scale aireraft, Models simply would not work,
Previous experience with the Propeller Research Tunnel, which had a large geale
test section, gave NACA engineers the canfldence te attempt to bulld the Full
Scale Tunnel.

Under the leadership of Smith J. De France, the design af the Pull Scale Wind
Tuonel began at Langley 1o 1929, With funds approprilated before the start of
the Depression, NACA was able to buy materlals snd labor at barpain prices. In
addition a large pocl of talented but now unemployed aerconautical engineers was
available to work on the project. The work progressed quickly aud by 1931 the
tunnel was camplete.

The significance of the Full Scale Tunonel was immediately apparent to NACA
engineers. Drag tests 1o the tunnel indicated surprisingly large performamnce
penalities from extermal sErute and octher exposed aircraft parts. This informa-
tion had been suspected by WACA engineers for gome Lime but with the completion
of the Full Scale Tunmel the engilneers now had the data needed to correcec the
problem, Seon a large procession of military aircraft was dispatched to Langley
for drag cleanup tests. Before and during World War II practically every high
performance aireraft used by the United States was checked out at the Full

Scale Tuntel. The tunnel operated 24 houra a day 7 days a week during the war
performing drag cleanup tests for the military. Ffor most of the war the Full
Scale Tunnel was the only tunnel in the country and in the world capable of
performing these tests. The lmportance of the tunnel was so evident rhat the
United States built an even larger Full Scale Tunnel at the Ames Research

Center in 1944.3
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The Full Scale Tunnel has proved to be a remarkably adaptive research rool,

In recent years modern zirecraft of all types have been tested in the tunnel,
These aircraft include the Harrier VTOL fighter, the F-16, the American super-
sonlc tramgport, the X-294-a forward swept wing experimental fighter, the Space
Shuttle, the Lunar Landing Test V¥ehicle, and many others.

Because of itg unigue performance the Full Scale Tunnel 17 of singular importance
not oaly in the area of aeronautical research but alsc in the theme of support
facilities that contributed the American victery in World War II. The superiority
of American designed and built fighters and bombers was due In ne small part teo
the testing thar thage alrceraft recefved In the Full 5Scale Tunnel.




WPS Fpony 10-000-0

e

nited States Department of the Interior
ationat Park Service

ational Register of Historic Places
Inventory—Nomination Form

Cominuation sheel ltom rumber 7, A Fage 3
Faotnotes
|
l. National Advisory Committee for Aeronautics, The N.A.C.A. Full-Scale

Wind Tunnel-Technical Report 45 (Waghington, D.C.: National Advisory

Committee for Aeronautics, 1933}, pp. 292-91,

Naticnal aeronautice and Space Adminietration, Langley Test Highiights
1982-Technical Memorandum B4655 {Hampton, Va.: Lengley Research Center,

1383), p. 3.

Donald D. Baals and William R. Gorlias, Wind Tunneis of NASA (Washingtono,
D.C.: National Aeronautics and Space Administration, 1981}, p. 23.

Ibid.

Langley Facilities Program Development Qffice, LaRC Data for Fargilities Catalcgue
{(Unpublished Internal Memorandum, Angust 4, 1%83), p. 3.

. Baals, pp. 22-3.
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Man in Space Theme Study
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1. Mame

niahoric Lurar Landirg Training Vehicle

and'¢r common runar Landing fraining Vehicle

2. Location

sireat & numbar Alahuma Space and focket Center ___ not for publication
city, town  li@ntsvilic — wicinity of congresatonal district

. ' 89
stain  LHACa code 1 county T2disen code O

3. Classification

Catagory Owrwerahip . Status Prasant Usa
- dlatrict _f. public —— cccuplad . . agriculture _*_ musaum
___ building(s) —_ private —— unoccupied — commernsial —— park
structure ____both ... WoOrk in progreas 11T T —— private residenca
siie Publle Acqulaition Accassible —— Enterainment - maligloun
" _ pbject ___ in procesa _ X yas: restricted ___ governmant — stienttic
__._ being conslderad — yuh unrestricied — ingustrial — tranaporiplian
T . milHary _X. cther; Exhiblt

4. Owner of Property

name “ar.oral Aeronautics and Space Administration, @mithsonian fnstitution {On cxtendsd
Toan Lo the AlaDam: Spdce and PGoRCL Cenlel

atreel & numbsar

city. tgwn  Sashington —_ vieinity of amte 0:C-

5. Location of Legal Description

courthouse, registry of desda, stc. HAA

street & numbsar

CLYy, town sinta

6. Representation in Existing Surveys

title

e mag his property bean.datermined eligible? _____yes ____no

e — Mmceral _ atate __ county ___ lacal

depoaitory for survey racords

city, town _  sute




7. Description

Cordition Chech one Check one

_4 axceilant __ deleviorated _Z_ unaltersd — original wite
- fpoad — rulns — aitered — moved Onie
— fmir —__ upexpoasd

Describe the presant and orginal [if known) phyyical appsarance

The Lunar Landing Trainlng Vehicle {LLTY) is a free-flight vehicle consistiag

ot a tubular frame on which a crew station, jet engine, lift rockets, arritude
contrel rockets, control slectronics, and assoclated eguipment are mounted.

The gimbaled jet engime, which is sounted vertically, provides main power tfor
takenff and supports five-sixzths of the welght of the vehicle duriong simulatrion
of the lunar eaviromment. The vemaining one-sixth is lifted by two 300-pound
maximum thrust, throttleable 1iftr rockets to simulate the Lunar Module descant
engine. The cockpit includes 2 Lunar Module three—axls attitude control assembly,
the throttle For the 11ft rockets, a horizental velocity indicator, the altitude-
rate tape indicator, and a thrust—to-welght indicator, Although the pilot of the
Lunar Landing Training Vehlcle was seated because of the necessity for a rockelb-
propelled ejection seat, the location of the flight instruments and coutrols
relative to the pilot’s hand aed eyes was simllar to that in the acrtuzi Lumar
Laading Module.

The Lunar Landing Training Vehiele is the third of rthree such vehicles bullt
for the Nabiconal Aeronautics and $pace Administratien. IC iz In excellent
conditinn and retains all of ifce original equipment.
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Siatemant of Rignificances {(In one parsgraph)

The value of high-fidelity simulation and tralning was an aceepted part of the
Space program. The dependence of this training for the success of every mission
aud the safecy of Che crew was erucial because of the nature of space flight.
Flight crews are fully committed at lift-off for an entire mission in which a
broad number of varfables and cbatacles mwst be succeasfully surmounted. Unlike
aircrafr which allow for a broad range of traiping opportunities in actual
aireraft under flight conditions, space flight 1z necessarily limited to ground
simalation tralning before the actual flight. The success of the mission and
safety ot the crew is dependent on the success of space flight simulation and
training avaflable to the astromauvcs before each actual flipght,

The landing of a manned machine, the Lunar HModule, on cthe surface of the moon

wAag crucizl to the success of the program. The feat itself could not be practiced
before a touchdown was Inltiated. Therefore 1t was necessary Lo devise training
aids and simulators here on the Earth te Erain the astronauts in the techniques
and skills necessary to land on the moon. This was the nissicn and reason For

the Lunar Landing Training ¥Wehiele, 1ts purpose was to simulate lugar landings

vn the Earth io a contrelled and ssfe environment.

The Hational Aeronautics and Space Admipistration ordered three of these vehicles
for the use of its Apollo Astromauts. Two Lunar Landing Training Vehicles
erashed during flight training excercises.

This vehicle is the third Lunar Landing Training ¥ehicle ordered by RASA and is
the only surviving example of the type. Crews from Apollc %, 12, 132, 14, 186,
and 17 trained on thie vehicle. Neil Armstrong, the first man to land on the
moon, trained ¢u another Lunar Landing Tralniong Vehicle that crashed during his
flighr. After Heil Armetrong's crash, NASA suggested dropping tralning in the
Lunar Landing Training ¥ehicle as €90 risky, but the astonaute insisted that
this trafining continue in the belief that it accuracely forecasted conditione of
4 Lumar Landing on the moon,
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Lunar Landing Trainlng Vehicle # 52
Huntsyille, Alabama

HASA

1972

Alabama Space and Reocket Center

Lunar Landing Training Vehicle with Astronaut
John Young at the controls
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tunar Landing Training Vehicle #9352

Hugtsville, Alabama

Alabama Space and Hocket Center

1284

Alzbama Space and Rocket Center

Modern photo of Lunar Landing Trainfing Vehicle
on display at the Alabama Space and Rocket Center
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histartc I0=by G=Foot Tunnel

and‘or coOMmEn Full Scale Tunnel

2. Location

straet 8 number Langley Rosearch Center ____ nat for publication
city. town  Hamplcon — viglnity ot congrasskernal glatrcl
state  Vivginia codn 31 counly Hampron cade B50
3. Classification
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4. Owner of Property

qational Aeronzutics and Space Administration (NRSA)

narme

aireel & number

city, town Washington vieinity of siate D-C+ 205456

5. Location of Legal Description

courthouse, registry of deeds, atc. Wational Aeronautics and Spaco haministration (IASR)

sireel & number Fzal Property Management pfEfico Code MNG

D.C. 20546

eity, Town mWasnington statm

6. Representation in Existing Surveys

tite Mome has this property been determined ofigible? . yes .. nv

datm _ federal .__ wate _ county ____ i-cal

T

dapnsituw_l'ur survey records

city, tawn stnle |




7. Description

Cordition Check one Check ons

_% excellent —__ ceteriprated  ___ unalisred _X_gtiginal slte

—_ good Tt Y -%_ shsred — . moved dawe _ 1231
—. lair —— unaxpaued

Dencribe the prasant and original [if known] physical appasarance

The Full 5cale Tunmel is in building 643 in the Bast Area of Langley Research
Caencer .

The general arrangement cf the Full Scale Tunnel is shown in Appendix 1 at
the rear of this report, The tunnel is a double return flow type with an
apen throat having a horlzontal dimenslon of 60 feet and a vertical dimension
of 30 feet. On either side of the test chamber is a return passage 50 feet
wide, with a height varyiug from 46 to 72 feet. The entire equipmenr is
housed in the atructure, the outslde walls of which serve as the outer walls
af the return passages. The over-all length of the tunnel is 434 feet by 222
feet and the maximum heilght 15 97 feect, The framework ig on structural steel
and rthe walls and roof are of 5/1l6-inch corrugated cement asbestos sheets.
The entrance and exlt cones are constructed of 2-inch woed planking, attached
to a steel frame and covered cn the inside with galvanized sheet wmetal as
protection against fire.l

The test section in the open threat 1s 30 feet high and 60 feet wide and can
accommodate airplanes or models having spans to sbout 40 feet. The tunnel is
powered by two four-blade, 35.5 foot diameter fans, each driven by a 4000-
horsepower electric motor. Alrflow from the dual propellers is split right
and left ipto two streams; doubling back between the test section and the
building's wall, the streams are reunited prior to entering the threoat of the
test section.

The maximum air-speed of the tunnel is about 100 mph. When this tunnel was
first placed in operation in 1931, its maximum alr-speed was equal to the fop
speed of many ailrplanes then flying. Since then, not cmnly has the maximum
speed of airplanes far gurpassed that of the tunnel, but transaonic and super-—
sonic airplanes operate in realms Inte which low—speed data cannoet be extrap—
olated. The design of these alrplanes, however, has required wing shapes and
girfoil sections that sometimes result in poor low speed characterlstics.

The Full Scale Tunnel is well sulted to investigate meanz of alleviating
these low speed problems because full or large scale hardware can be used,
angd the model or alrplane is readily accessible.Z

In addition toe the testing capabilities of extensive flow measurement and
visualization for large scale-wodels, the tunnel is equipped with shielded
struts for six-component scale balance teating, and can also be used for
Free—flipht testing of subscale models. These tests are particularly suited
to the study of high-angle—of-attack flight dynamies for advanced fighter
configurations.

The Full Scale Tunnel was upgraded in 1973 and is scheduled to be upgraded in
1984, Work in both cases primarily involved work done on the electrie moters
that power the fams, AU the current time, principal research for this facility
i directed at the scudy of the low-speed aerodynamics, static and dynamie
stability =nd control, and associated flow characteristics of eilitary,

general aviation, and commuber aireraft.%
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i. Name

histaric Meutbrdl Buovanoy Spage Simuelator

andiar Comran Neutral Buovancy Space Simulatorp

2. Location
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4. Owner of Property

AAME Mat.iomal Aeronautics and Space Adminisbrarion (MASHD

streel & numbar

city, town Hashington . vHEiny ot state D.C.  2084€

5. Location of Lega! Description

courouae, regiatry of deeds, mic. Mational Asrondutics andg Space Administration (HASH)

sireel & NUMDar riral lUroeorty Management Office Code WEG

Eity. tawn Tieasdy s mgtcan stme D.T. 20546

6. Representation in Existing Surveys

ttie Historic pProgerties Heopore {Draft) has this propevty boen determined eligible? .y PO

e July LOES _x federal ___ state ____ courmty .—- local

dapository for aurvey recorda U.5. Army Redstono Arsensd
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7. Description

Condiion Check one Chath ana

A axcallent —— dateriorated X unaltered —=L_ original slte .
— oad ST Y — Aiterad —— oved date

— fair — unaxpossd

Desoribe the presant and oviginal [H known) phyalcal sppasrance

The Heutral Buovancy Simulator 1s In Building 4705 at the HMarshall Space Flight
Center in Hunteville, Alabzma., A large water tank, 75 feet in diametsr and 40
feet deep 16 the heert of the simulator. The water within cthe simulator is
teaperature controlled, econtloucusly recirculated, and filtered, There are
four observation levels with portholes to view activities wichin the simulacor.
An elevator serves all four cbservation levels. Speclal systems are integrated
into the tank for underwater gudic and video, pressure-gult environmentsl
cantral, and emergency vescue and treatment. Life support is simulbanecusly
provided by these systems for up to four pressure-guited subjecta, Additionsl
systems include dzte acquisitlion aad recerding, underwater lighting, speclal
underwater pneumatic and electrical power cperations of motor , valves, contrels,
and indicators that are required for high fidelity, and functional engloeering
perokaps and trailnecs,

Adjacent £o Lthe Meutrazl Buoyancy Slwmulator 1z a completely equipped rest control
arez for directing, controlling, and moeultoriog simulation accivicies in the
Neutral Buoyancy Simulater. An annex contains the dperating crew dressing and
shower area.




. Significance

i Aroas of 8lgnificance—Check and lustily beiow
- pishistoric ____ archeology-prehistoric _ communiy planning . landecape architecture redlgion
_ i4DD-149% ____ archeology-historlc __._ conssvvation — |2 — sclence
. 15001593 ____ agricuilum - BEORDMICS — literature — sculplure
. 16001699 _ _ _ archimBcture — aducatlon — milltary T
— 1700-1TR9  ___ amn _X engineering e muysle humanitarian
__ 1500-1B99 ___ commece ___ sxploration/settlament ___. philosophy — theater
A 1pG0- ____ commuri¢ations e IVUAITY ___ politicargovernment  ____ transporiaiicn
—__invention _X_ gthar (specity)
Space BExploration
SpecHic dates 1955-Present Builderidrchitect U.5. Army, MNASA

Statament of Significances {In one paragraphj

The Neutral Buoyancy Simulator was consEructed in 19535 by the Army ar the
Redstone Arsenal. It was designed to provide a simulated zero~gravity
environment in which engineers, designers, and astronaucs could perform, for
extended periods of time, the various pheses of research needed to gain first
hand knowledge concerning design and eperation problems assoclated with working
in the zero—-gravity envirscmment of space, Because of this capabllity to support
rescarch and testing of ocperational technigques and materiels needed to success—
tully performed manned space wmissions the Heutral Buovancy Simulator contributed
significantly Lo the American manned space program especially Projeccs Gemini,
dpolle, Skylab, and the Space Shuttle. The Neutral Buovancy Simulator is a
facility thar is wnique within the WASA iaoventory of training facilitles.

Until the mid-1970s, when an additional facility was conatructed at the Jehnson
Space Flight Center to support the Space Shuttle Preogram, this facility was the
only test facility that allowed astronauts to become familiac with Che dynamics
of body motion under welghtless conditions.

The WHeutral Buoyancy Simulator ls on the NASA public tour of the Marshall Space
Flight Center and is interpreted to the public.
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1. George C. Harshall Spare Flight Center Master Plan {Washingtoo, D.C.:
National Aeronautics and Space Administration, 1980), p.3l1.
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Neuwtral Buoyancy Space Simulator

Hunteville, Alabama

NASA

1934

HASA, Marshell Space Flight Center Facillties Office
Exterior View of Heutral Buoyancy Space Simulator
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Beutral Buocyancy Space Simulacor

Funtsville, Alabama

MASA

3971

HASAH, Marshall Space Flight Center Facilities Dffice
Cutawey View of facility
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Neutral Buoyancy Space Slmulator

Hunteville, Alabvama

NASA

1984

MASA, Marshall Space Flight Center Facilities
0ffice

Extericr View of Water Tank







Neutral Bucyancy Space Simulator

Huntsville, ilabama

NASA

L1984

NASA, Marsghall Space Flight Center Facilities Office

Top of Water Tank







Neutral Buoyancy Space Simulator
Huntsville, Alabawa

KABA

1984

NASA, Marshall Space Flighc Center
Facilities Qffice

Interior Yiew of Control Room







- +*

P R el b

L

Neurtal EBuoyancy Space Simulator

Huntsville, Alabama

KASA

1940

NASA, Marshzll Space Flight Cencer Facilitles 0ffice
Interlor View of Water Tank with astronauwt and
Euppotrt persocnnsl
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APOLLO HARDWARE TEST FACILITIES

I8, Space Envircnment 3imulatien Labaratery
{Lyndon B. Johnson Space Cecter}
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;:‘1‘1"“ 100 Fedsral Agency Homination

United States Department of the Interior - . ..

National Park Service .Far NP3 usm anly
National Register of Historic Places racaives
inventory—Nomination Form date emared

Seq instructions in How 1o Complete National Register Forms
Type alt entries—complete applicabie sactions

1. Name
historlc soace Envirpument Simulation Laboratory (SESL)
and:or common Space Environment Simulator Laboratory (SESL]

2. Location

atrast & number Twhdon B, Juhasoh Epace Center — nod for publicatlen
giTy, fown 1OUSTON ___ wicinity o congreasional district
state  LEXAS code 48 county  Barris code 201
3. Classification
Cutngory Swnarship . Siatus Prassnt Usa
__ digtrict - publlc —— otcuplisd . sgriculiure e MUBSLM
. bulldingis) __ privete ____ unottupled — commaercial — park
_&__ struciure w— both — . Wark in prograsy - sducationai __ private residance
— Aite Public Acquisition Accensible —— entertlainment — raligioun
____ ahjact —in procass __X_ yad: rastriclea . govathment - scientiflc
— being conaidarsd — Y88 unreatHcted . Indusiria - transportation
- — military % othar: Tndctive

«+. Owner of Property

name _Heklonal horonautics and Swoace Adminjstration (MASAL

atrgat & number

cily, lown washingl.om _ vicinity of sitate D.C. 255046

5. Location of Legal Description

rﬂuﬂhnuaa, repistry of dowds, etc. Hatinnal Aeronuatics and Spaco Administration (WasAl

street & number Real Fromesby Hanagement Office Code WX

Sity. town Wasninghon stata D-C. 20546

6. Representation in Existing Surveys

title Hoine has this property been detormined eligible? . yes .. 1o

tate ‘ _ _tederal ___ siata ___ county . local

depasitory for aurvey recorda

cily. town sale




7. Description

Condltian Chack one Lhack one

*__ exceliant — deteriorated  _X__ unaibered _E__ original sits

— good —— tulna — ahered —  mowed  date
— Imir — unaxY pedud

Describe the presant snd original {f known) physicH sppearancs

The Space Euvitonment Simulation Laboratory (SESL) is in building 32 at the
Lyndon H. Johnson Space Center {JSC} in Housten, Texas. The 3SESL cantaing
twoe large man-rated chambers, Instrumentation and data pystems, and support
facilicies,

Chamber A iz the largest of the JSC thermal-vacuum test facilities. Its usable
test volume and high-fidelity space simulation capabllities are adaptable to
thermal-vacuum tests of a wide varlety of test articles.

The mapor structural elements of the chamber are the rotatable floor, the 40
fovt diameter access door, and the dual manlecks at the floor level and at the
3l foor level.

The chamber £loor, which is 45 feet in diamerer, can be rotated by manual
control + LBO® about its vertical axis at eontinuously variable angular
velocities up to a maximum of 0.8 Tpm.

Test articles are normally inserted into the chamber by means of overhead
cranes and a doily and track structure that extends from the high-bay area into
the chamber. Twe (00,000 1b cranes are used ocutside the chamber and four
Independently operated 50,000 1b cranegs, lowered through removable sections of
the top head, are employed inside the chamber,

The dual manlocks provide 2 means for the test Crew L0 move from ambient air
prosfsure Lo the theraal=-vacuuws environment and back. They also provide for the
mzintenance of resgue crewmen at convenfent intermedizte pregsures during
“anned Lest operatiens. When the loner door is bolted, either of rhe manlocks
can be used as an altitude chamber for independent tests.

In Chamber A, a test article can be irradiated frow elither the top or the side
with lilgh-fidellty solar simulation. The solar simulatioa modules can ba
arcanged in varicus dimenslonal cenfigurations to meet most requirements,

This chamber can also generate thermal plasmae sluulating thome found in low
Earel ovbic,

Chamber B, the smaller man-rated chamber, has the same hasic capability as
Chamber A and can accommodate a variety of smaller scale tests more economically
aed with faster respanse. Hajor structural elemente of the chanker are the
removable top head, the fixed chaober floor, and a dual manleck at the ficor
level,

The load-bearing floor area is 20 feet in diameter and will Support a concentric
luad of 75,000 1b,

Twe relling bridge cranes with a capacity of 100 000 1b. are used to tremove the
chamber top and to ingert targe test articles,
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Tug gual manlogk provides easr access to the rest articles as well ag a means
Al fvansporLing Tesl crewszen td the test eavirenment and back during manned
tests. The man.ock can ailss e 2sed as an altitude chamber for indspendent
tzsts. In addizion, one canlock is equipped with a water deluge system and
arher fearutes that permit its use far wanned operations with oxygfen-rich
residusl atmosgheres.

& sclar simuiacinre array, Sounted on the top head, is amedular in design te
faz:litate zharges in location and beam size to accommogate tesl reguirements,

Tne solsr siculation modules ate an-azis withk wenon Lamp sources. The source
arz callection opiics are Sutside the chamber, with the collisating optics
inside the chamber. Sclar incident angles other than vertical canm te achievec
3w installing mirrors in the chadber to redirect the solar beam.?

1

wlv Chamsers A and 3 are witnin the boundary of the Nationai Histeric Landmark.



8. Significance

Parviod Areay of Signfficance—Chack and justby below

____ prehistoric ____ archealogy-prehiatoric _ community pianning  ____ landscape archilacture . rellgion

___ 14007499 ___ archeoipgy-iistoric o conservallon L e Stlence

_ .. 1500-1599 ___ agricultusre e BEONOMICE . lTTEratUre N mu!ptufe

_.— 1600-1599 __ architecture — aducation — military — spciak

17001799 sl X _ engineering . music humanitarian

___ 18D0—1E9E . commarce —— expiorstion/sertement ___ phlloxaphy — tresalar

90— — communicallons ___ industry ___ paliticergovernment  ___ transpartation
. irwermlon A aiher [specily)

o Exuloration
Spucific dules 1763 -~Frogant Builder'Architecl HASH ~

Lintemant of Signiticances {In one paragraph)

The Space Environment Simulation Laboratory (SESL) has a significant assoclation
wilh the manned spaceccaft program af the United States, The SESL was designed,
built, and used to conduct thermal-vacuum testing for all Uniced States manned
spacecraft of the apollo-era, The large size of both chambers ia the 3ESL

meant that Full scale flipht hardware could be tested Eor a varlety of deslgn
and development problems involwing such factors as cperating temperatures,

Fluid leak rates, changes I{n absorptive or emissive propetties of thermal
coatings antgd other materials, This testing was absolutely essential to man

rate tlight hardware., The safety of the astronauts and the success of the
nanned space program depended on information that resulted from these tests in
Lhe SESL.

Since it way constructed i 1965, the SESL has tested all Apollo command and
survice modules, Apolle lunar modules, spacesuits for extra-vehicular activity,
the SkytabfApolle telescope mouni system, varicus Space Shutfle systems, the
ApollofSoyuz docking module, and various large scale scientific sacellite
systems such as Che parabolic veflector subsystem of the Applications Technulogy
Satellite. The thermal vacoum testing dome at the 3ESL since 1965 has been a
significant factor contributing to the success of both the mannaed and uamanned
space progran of the United Statex.,
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Footnotes

1. Tuermal Vacuum Laboratories User Cuilde {Houston, Texas:
Space Center, L9813, pp. 4-5.

Lyndon B. Johnson
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9. Major Bibliographical References

. See continuation sheets

10. Geographical Data

Acraage of nominated property _ Toss thoan ] sore
Guadrangls npme __LE3G0E Tty Guadrangle scate _.1:24,900
UMT Referencen
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Yerbal boundary description and justification
Ve battedary of the Space Environiental Simulation Laboratory is defincd by vho
putzide perimeicrs of poth Chambers A and B lacated within Building 33 at the

Tymdon B. Johnsan Spaco Center.

Linl mil statey and countles 107 properties ovariapping state or county bauvndaries

slata code county code

coda counry code

narve titie L Harry A, Bubowsky N ——
grosnization  dational Park sSeyvice . o date 5. 15, 1984 i
itrset & number Divisiecn of History mlaphone (202} 3143-Bi&6H .
chy or town washirnguon, o,4. 20240 slate

12. State Historic Preservation Officer Certification

Tha gvaiuated significance of this property within the staie is:

— natlenal ____siaie —— logal

Ag the dasignatad State Historic Preservation Ofticer lor the Matianal Hiswaric Presarvation Act of 1966 (Public Law 89—
Bt3), | heraty nominate 1his property for inclusion in the Naticnal Reglster and certify that it has been avaluatad
acconding to the criteria and protedures sel forlh by the Kationat Park Service.

Stute Higtoriz Praservation Officer signature

e daie

For HPS use only
| hereby carlity that this properly is incleded in the Mational Reglster

data

. Keeper of the Mationgl Register

Aliesl - daie
Chief of Registration
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Spdace Environmental Simulatios Laboratory Chamber A

22730 KG HOISTi TYPICAL FOR 4

SERVICE PLATFORM
ELEVATION 29.6M

YIE'W PORT OPENING
(TYRICALD

T v CAMERA

HE CRYO-
PUMPING PANEL S

LHp HEAT SINK

SPACECRAFT UTWITY POLE

/"-"-"' BOCR DIA 12 2M
PLATFORM ELEVATION 9.5M

! SIDE SOLAR COLLIMATDRS
SERVICE MORULE

P BASE ASSEMBALY

—— ELEVATICGN OM
REPRESSURIZATION DIFFUSER

PRESSURIZATION PLENUM
LUNAR PLAME

Seurce:  Technieal Facilities Catalog Vol, 11, 1574, o, 8§-103,




Space Environmental Simulation Laboratory Chamber B

SoLAR SIMULATOR MODULES = REMOWABLE HEAD

Ny SHROLBS
FOLD W1 RROR

CONF IGURED FOR EXTRAVEHICULAR MOBYLITY UNIT - LUNAR QUALIFLCATION

souscer  Techmical Facilities Catalep Vel. 11, 1974, p. 8-107,

MAK LOCKS



Space Environment Simulation Laboratory
Houstoen, Texas

RASA

1976

MASA, Houston Public Affalrs Qffice
Exterior ¥ilew of Chamber A
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Space Enviromment Simulation LahorTatory

Houston, Texas

NASA

1968

NASA, Houston Public Affalrs Office

Interior View of Chamber A with Apollo Spacecraft
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Space Environment Simulatlon Laberatory

Houston, Texas

HASA

1969

NASA, Houston Publie Affairs Office

High-angle interior view of Chavber A4 showing three
agtronauts preparing to enter Apello Spacecrafe, 2TV-I1.
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Space Eavircnment gimulation laboratory
Houston, Texas
NASA

1969
HASA, Houston Pubile Affairs (fflce

Astronant James B. frwin entering Lunar Module
Test Artlcle-8 in Chamber B
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19.

20.

UNMANNED SPACECRAFT TEST FACILITIES
Spacecraft Magnetic Test Facility (Goddard Space
Flight Center}

Twenty=Five Foot Space Simulacor (Jet Propulsien
Laboratory)
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See instructions In How to Compiete Natlonai Aagister Forms
Type ail entrisp—complete applicable sections

1. Name

histaric Arvitmie Control Test Facility

and:or COMmEaH Snmacecraft Magnetic Tost Facility

2. Location

streel & numbar Goadard Space Flight Centep —— net for publication
wiTy, 1owWn Croonbelt — ¥lcinity od congreasional district
atate  Mar¥land code 24 county Prince Gonrges code (333
. [

3. Classification
Calsgary Ownarahlg . Swatus Prasant Use
— diatrigt _" publiz — OCupd —— sgriculurg — . Museum
— buildingis) —— privata — unoccuped — — commarcial .,
A atructure — both — Wotk In progresa — wducetional —— private reskdence
. Publlc Aocuisiilon Accassible —— erertalnment = faligious
____object — |n process _X . yms: rentricted _X. governmant X wehntilc

___. baing conshdared e YU wNAMRtricred —— Inaystrisd —__ tranaponation

. no Y & ofher. srace
Exploration

4. Owner of Property

aame  Mational derondutics and Space Administration {NASA)

airest & number

city, tows  Washington — wiginity of atet® p. o, Zocas

5. Location of Legal Description

sourthoude, regigtry of deeds, stc, Maticnal Aeronautics and Space Administration (NASA}

Elrent & mmier Tral Prouwerty Management Office Code NXG

: wWashingte
city, wn THTen

6. Representation in Existing Surveys

state D.C. 20546

tilte N haa Hhis praperty been determined shigible? . _yas ____no
date — lwderal ____ siate ___ county ___ local

depasitory far survey records

Ciby, Town o slala




7. Description

Conddition Chack one Cheack one

_x_ excailant _ deterlorgled 3 unaltgred _K_ original sl

e pood — ruins o Atared . foged date __
. talr e Unexposed

Dascriby the present snd originst {If Lnown] physical appesrance

The Spacecraft Magnetlc Test Facllity was built in 1966 and consists of a

60-foot square building constructed of nonmagnetic materials, which contains a
47-foot-diameter c¢oil system. The coll, a4 3-axis Braunbek system of 4 loops on
cach axis, provides cancellation of the earth's magnetic fleld over the central
6-foot-diameter spherical volume, uniform te 0.001% and stable to a half nanctesia.
Geomagnetic fluctuations up to 16 Gz and + 750 nanoteslas are eliminated by
automatle servo-control from 2 remotely-located rubidium magnetometers. The

coil can generate a stable artificial field from zerp to 60,000 nanoteslas in
steps of 0.l nanotesla. The arcificial magnetic wveckor can ba rotated about

any axis at rates of zero to 100 rad/sec.

Accessories include nonmagnetlc tracks and dollies to transport the test item

ia and out of the coil system, and an 8 foot—diameter powered turntable at the
coil center for positioning the test item, % fogt-5 inch Helmholtz ceils to
provide dc and ac field exposure up o 50 x 1074 tesla for perm and deperm
treatment, and a sengitive nommagnetic torquemeter capable of measuring magnetic
torques of 10 x 10~7 Mo on test items weighing up to 4000 kg.

The coil buillding is about 2 milee east of the Goddard Space Flight Center.
Accesa 1s through a truck leck with dooras 14 feet by 15 feet high. Material .

handiing is accomplished with a 3~tom monorail hoist in the truck lock and
5000-pound-capacity fixed locatien noists on the coil center line and outside
the coil. The ecoll has a 10 foot-3 inch square opening and a clear interior
work space 25 feer in diamecter x 17 feet—6 inches high. The coil building is
air-condirioned to maintain the dew point =t 50°F or less. Gleanliness 1=
maintained by passing all air introduced into the bullding through a bank of
HePA (high-efficiency particulate air) filters. A recirculating air system to

maintain a higher degree ot contamination control 1n the work apace is available.l



8. Significance

Arens of Bignificance—Check and justity heltow

rehistorle ___ archeology-prehistoric . community planning ___ landscape architeciure___ religion
14001499  ____ archealogy-historic .. consarvation _ tew — science
___1500-1589 __ agriculture ____ economlics — . literature — — sculpiure
__ 1800-1699 __ . architectura —— educaton — miliary —— social’
. 1TOO-1i98 . art X engineering —_ muskc humanitarian
____1AD0-1899 __ commerce ____ explaration/settemant philosophny —— themar
_% 1900 ____ communicationa — Industry ___ polllica’government ___. transportatian

___ Ilavertion _X _ other (specily)

Space Exploratiom

Spacific dates  L9Bb-Fresent Bullder/Architect HASA

Statemant of Significance ({in one paragraph|

The Spacecraft Magnetlc Test facility is the only facility in NASA's

inventory that wakes It possible ro determine and to winimize the magnetic
movement of even the largest unmanned spacecraft and observatories and

thereby reduce unwanted torques due fo the interaction of magnetic movement
with magnetlc vector, The limited evaluation of magnetlc control systems 13
also possible as is the finmal ealibration of precision flight magnetomweters in

orbital configuration .2

Without the use of the Spacecraft Magnetic Test facility and lnformation it
provides in the testing of large statelllrtes, the United States would be unable
to succesafully orbit and maintain the large varlety of satellites that have
provided inforwation vn weather, communications, earth rescurces and many other
fields. The use and operation of this facility is esgential to the continuing
success of the American Manned and Unmanned Space program. The Spacecraft
Magnecic Test facility is unique and is not replicated anywhere else in the

United States.
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Footnotes

1. Technical Fecilities Catalog Vol, 1 (Washingtom, D.C.: Wational Aeronautles
and Space Administration, October, 1974}, p+ 5-15.

7. Techuical Facilitles Catalog ¥el, 1 (Washington, D.C.: flatlonal Aaerconautics
and Space Administration, March, 1967), pp. 7-16, 7-17.
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9. Major Bibliographical References

Spe continuation sheets

10. Geographical Data

Acrewge of nominatad property . Luss than L acre

Quadrangle namg _Laureld Quadrangie scale 1:24,000

UMT Asferances
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¥Yergal boundary description and justification

Tne houndary of the Spacecraft Magnetic Test Facility is defined by the outside
perimeter of building 310-20 at the Goddard Space Flight Center.

List all states and counties lor propertiss averlapging state or county boundariss

wintm coge county code

slate coge county cn{::lu .

11. Form Prepared By

namatithe Harry A. Butowsky

organization Naticonal Park Servioce date May 15, 1484
atrest & number Division of History telephone . (202) 343-B168
washington, b.C, 23240 stata

clty or tawn

12. State Historic Preservation Officer Certification

The evaiuated signiticance of 1his proparty withla the siata Is:

__. nationa} __ . sime - locat _

Az the designated State Mistaric Preservation Offlcer jor tha Natlonal Hisloric Pragervation Act of 1866 (Publlc Law 89—
555), | hereby nominate this praperty lor inclusion in T Matiorat Regleter and cartify that it has been svaluated
according to the criteria and procedures set forth by the Natlonal Park Servlce.

Siam Historic Preservation OHicer signature - .
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$pacecraft Magnetic Test Facllity
Greenbelt, Maryland
HASA

1965
MASA, Goddard Space Flight Center Facilities Office

Exterior Yiew of Spacecraft Magnetic Test Facility







Spacectaft Magnetic Test Facility
Greenbelt, Maryland
HASA

1971
MASA, Godderd Space Flight Center Factlities Office

Cutaway View of Spacecraft Magmetic Test Facility
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Spacecraft Magnetic Teat Facllity

Greenbelt, Maryland

KASA

1971

NASA, Codderd Space Fiight Center Facilities 0ffice
Interior View of Spacecraft Magnetic Teat Facility
showing Lunar Rover Vehicle Test
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1. Name

historia Twenty-Five Foot Space Simulator

and/or camman Twenty-Five Foot Space Simulator

2. Location

street & numbar  JeL F ropulsion Lahortory —__ naot tor publication
city, town  ©headana o vicinlty of congressional district
siate California - G county Laos Angeles coda 37
3. Classification
Catagary Ownershlp . Sintus Prossnt Uss
. district _ % publle —__ occupied — uqgricutiure T T
bullding(s) . private e WSCEUE L —_— i

_K structure . both e Wik [0 progresy T — privats renidenca
— Site Publlc Acguislion Accussible — arbartalnmeed — ratiglous
___ objact e |1y pROCEYS _X . you: resinicted _X. . governmnt A aclentifie

—_ being consderesa —— ¥#%: unvantricted — insasrial —— ranaportition

— o —— milHary X odbar: Space
ExplLoration

4. Owner of Property

nams Fational Aercnautics and Space Administration (HASK)

strerl & numbar

city, town Wasninuoton — Wieinty of state  [,o, 20546

5. Location of Legal Description

ﬂnun_tlnuu.rﬁgiitrvufdmi atc. Waticnal hercnautics and Space Rdministration [(HASA}

sireet & numbar Ecal Property Management Qffice Code NXG

LIty town Washi.ngton stata 0.0, PR

6. Representation in Existing Surveys

‘ title mone hus this property beon datarmined afigibie? ___ yea __ 00

-7 ) —— tederat ___ state ___ coumty . local

cepoaitory tor survey records

CiTY. town - aale




7. Descrigtion

Condltian Chack ona Chack one

_H_ axcellen .. deterioratad . unaitered X original slia
— gooca T — alterad . _moved dalz
— tulr — unaxpased

Describa the pressnt and original (IF known} physical appaarance

The 25-foot Space Simulator is at the Jet Propulsion Laboratory {(JPL} in Pasadena,
califernia. It was built in 1961 to provide high-quality space gimulatrion for
testing spacecraft under conditions of extreme ¢cld, high vacuum, and intense,
highly uniform collimated asclar radiation.l

The 25-foot Space Simulacor chamber is a stainless-steel cylindrical vessel 27
feet in diameter and 85 feet high; a 15-by 25-foot side-opening access door 1is
provided for test-ltem loading. A persoanel door provides entry Chro h the
accass door., The minlmum eperatling pressure of the chamber Is 5 x 177 torT.
The walls znd flovor are lined with thermally opaque aluminum cryogenic shrouds
controlled over a temperature range of -320° to +200°F by liquid or gaseous
nitrogen, The off-axis solar simulation system conslsts of an array of 37

senon 20— to 30-kilowatt coapaclh arc lamps, an integrating iens unic, a penetra-=
tion window, and 3 pne~piece collimator. This provides a simulated solar beam
that is reflected dowm into the test volume by the collimating mirrac, which 1is
temperature controlled with gaseous nitrogen through a range of -100° to +200°F.

The test volume of the Simulator, 20 feet in diameter and 25 feet high, can be
ircadiated by 2 beam of simulated solar energy selected from a varlety of beam
sizes aad intensities, The maximum peam dlameter is 18.5 feet, which can
provide Lntensities up to 2.7 solar constants. With a smaller collimatiag
mircrer and different integrating lens wnit, a 9-foot diameter bean with inten-
sites up to 12 solar constants can pe provided. The spectrut is that of xenon
arc lamps, as modified by the gimulator optics. A water-coeled douser is
provided to simulate eclipee of the sun.

Tha simulated space enviropment <an be egstablished in about 73 minukes. Test
conditions can be terminated and access praovided to the test item in about 2

1/2? hours.

A 1000—square~foot clean Toom facility is available for test article assembly
and system test prior to environmental testing. An airlock separates the clean

room from the Simulator.

Test article { spacecraft) suspension within the Space Simulator can be provided
by a variety of suppert systems. The chamber has wall-mounted attachment
points at three levels, each capable of a 10,000-pound vertical load. These
points can be used to attach suspension cables or fixed hardware.

The cooled chamber floor has openings that allow support columns fot har dmounted
support structure. These columns rest on an igplated seismic wass below the

Simulator .
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A geosynchronous orbit simulation support system 1s available, providing one
revolution per day with a fast advance and return capsbility and declination

angle change, all possible la a vacuum,

Special test article lcading provislons can be accommnodated, using eltfher a
movable monerall hoist or ramp system within the chamber.

The 25-Foot Space Simulator 1s still in use by HASA and 1s likely to remain in
use for many years Lo cone.



8. Significance

Period Areas of Signiticence—Chack and juailfy below

___ prehistorlc archeology-prehistoric community planning - landacape architeetura__ religion ‘

____14D0-t488 . archeology-historlc _ __ consarvatlon — i —  aclencs

___1500-1599 ___. agricukture _econamice — Iterature —_- scuipture

_ 1600-1699 .__ architecture — education . milikary _ . sociali

17001799 ____ar X engineering — muslc humanitarian
—. - Theater

— sxploration/seitlement philasaghy

13001889 __ comimarce
_X_1900- ___ communlcatiens —— Indusgtry — . politics/government trangpartation
___ invantlon A _ ather specily}
Space Exploration
Bpeclfic detes 1361-Pres ent Builder:Architect HASA

Statamant of Significance |In one paragraph)

The 25-Foot Space Simulator has technological capabilities in simulating the
environment of space and has strong assoclaticns with the unmanned space
exploration program of the United States.

The 25-Foot Space Simulstor is the only NASA facility capable of producing Lrue
interplanetary coaditions of extreme cold, high vacuum, and intense solar
radiation coupled with a 25 foct-test chamber that can accommodate mpst modern
spacecraft. Tts use of 3 collimating mirrer to produce the intense solar
radiation of space was the first system of its type when installed in 19%6.

This ability to create a true 5S5pace envirsnment has led engineers and scientists
from Europe and Japan to study Its many support systems in an attempt to build

similar faciltities in those countries.
cecraft tested in this facility include Ranger, Burveyor ,

Over the years s5pa
Mariner , Yoyager and other spacecraft. The success of the American space

program in exploring these planets has not been replicated by any ather nation.
gne of the reasons for this success is the 25-Foot Space Simulator that enables
JPL engineers to test their spacecraft 1n a true space environment and to locate

and eliminate any problems before launch.
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Footnotes

1, The descriptive waterial from this eection hac been taken from the
following source, OCur Captive Space——JPL Space Siamlator Facilities
(Pasadena, California: Jet Propulsion Lsboratory, 1980). pp. 2-3.
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9. Major Bibiiographical References

see continuation sheets

10. Geographical Data

Acrsage of nominged proparty _ Less_ Lhan 1 acke
Quadrargie name _ Ui sadena Quadrangle scale _L:24,000

UMT Reforences

Al Blelasd 37085069 L bl gLt byl

Zone  Essting Marthirg Inna Eazting Morthing
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clL i
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] EFES O 1 I A ) O B IR Ml Ll Tt L L eal)

Yerbal boundary description and Justification

The bpoundary of the Twenty-Five—lFoot Space Simulator is defined by the outside
perimetoer of Building 150 at the Jet Propulsion Laboratory.

List all states and counties for propgeriles overlapping mtals or county boundarias

state COuhey cOunty code

otata SO county cgchy

i. Form Prepared By ]

narmatitle Harrey A. Butowsky

organization Mational eark Service date May 15, 1984

street & number  Division of Higtory laephone 202} 383-8168

Washington, O,C, 203240

city or fown sate

12. State Historic Preservation Officer Certification

The evalumted signiflcances of this groperty within the atate |s:

—___natianal 1] _ loccal

Ag the designated State Historlc Preservailon OtHoer for the National Hlatoric Preservation Act of 1888 {Publle Law 65—
5£5], | harehy naminate this proparty Tor inglugion {n the Netlonsl Register and cerilty dhat it has been avaluated
according to tha erlieria and procedures set forth by the Wational Park Service,

State Mistgric Praservation Dﬂmer stgnalure

fitla date

Far NPS use gnly
! herabry cartily that this gproperty is includend in the Mellonad Regioter

date
.(Tem of the National Register |
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Twenty-Five-Foot Space Simulator
Pacadena, California

NASA-JPL

1983

JPL Facilities Qifice
Exterior View of Twenty-Five-Foot Space Simulator
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1. Haﬁj&

historiz Maenareetewss Hagin Speed Tannel
and or comman Eicrht~Foot TVransonlo tanne?
2. Location
atrest & numbar Ioarer gy Jarssnnoiy e latt ot far p&lhﬂﬂﬂk}ﬂ
SN AN I ) - .
wify. town ' — wigity of nongressiomal district
state Vivaina cnds =4 1oy g Hampton codn S50
3. Classificalion
Category Swyprohip AT T ITE) Prasont Use
.. digtrict " it b —__ oooupied e AgTiGuiture —_— AU .
—-—- buildingta) . ..., privaie e BPGRC U A — commearcial —_ park
" alraciure —__ both — wiork i progrosn - 1 ]4T T e pivALY FAnidance
... site Public Aeguicition Agegunibia — antaralnment — roliginus
_____ abjact o _ I Gracase _% yau: reatriciec 2. gurernment e BB
. being considered e YEB unTaaltictad —— Indusiriad — tranaporiation
_no e ity % gthaer; Ahandoned

4. Owner of Property

name Mettlemii D Gorertetfiaz it osindgns Adiani stration (HASA

street & numbar

city, fown  Hasningnon —_ vlglnity of sinte oL, 20346

5. Location of Legal Description

courthousa, registry of deeds, ste.  fat lemnad Anpomautios and spaoo !‘ﬂrlmi_nis;‘.:._r_-it Lon (hagay
Srestdnumber e -

STHY MWD et i » o slate Lo, el

6. Representation in Existing Surveys

Hila L .f.-- o o __hesihis profarty bean da}_errnjned eligible? ___ yes ,.,._.,
dﬂv_:_ L — iederal — stata courty ... local
Sepaaitory for survey recerds _ — —— -
Pabyy dome o Wit




8. Significance

od Arpas of Significance—Check and Jusiity below
rehiatoric __ archeolagy-prehistoric _.__ community planning .- landscape archilecture ____. religian
F1400-1499 ___ archeology-historic ___ conservation — law &L__ sclence
_ . 1500-1599 _____ aygriculture ____ fcontvnics — literaturg — scuipture
— 16001699 ___ architeciure —__. educaticn 2 military ___ social
___1700-179% ___ art % engineering e MUSC humnanitarian
_.. 1800-189% . __ commerce __ exploration/setllement ____ philosophy — theater
-2 1900~ —__ communications __ industry ___ paliticsigovernment  ____ transpartation
—— Invention _X_ other (specily}
fevonautical Research
Spacific dates 1235-19356 Bullder Architect HACA _

Statement of Significancs {in ons paragraph)

The Eight-Foot High Speed Tunnel is a landmack in wind tunnel design. At the
time of the construction of the High Speed Tunmnel, NACA had onily two small high
speed tunnels {(the 11" and 24" tunnels) to test aircrait design in speeds
ranging from Mach 0.5 to Mach 0.9. While useful, these small cunnels had two
severe limitations. First, the small size of these tuanels meant than cnly
small scale models could be tested. This meant that cest results were suspect
if high Reynolds numbers could not be cbtalned. Second, both tunnels were
powered by the rapid blowdown of the VDT and were thus restricted £o tests
lastiag less than a rinute.

The Eighr—Foot High Speed Tunnel sclved borh of these problems. It was large
enough to accommodate sizeable test models and even complete airecraft parts on
occasion, 1t was also a continuous flow tunnel that could operate almost indef-
initely therby giving the engineers sufficient time to run their tests and to
check their test results, For the first time NACA engineers had a research tool
that could supply high speed test vesults on a large scale,

Ovir the years WNACA engineers continued to modify and upgrade the Eight-Foot

hish Speed Tunnel. After the Second World War NACA engineers began to work on
improving wind tunael performance in the transonic range {(Mach 0.7 to Mach

1.5}, it had long hesn known that airflow within the test section of a transenic
wind tunnel did not represent the ackual conditions of free flight. The problem
was that the natural pattern of airflow in this range is disturbed and alcered

by the egistence of the walls of the tunnel. This problem became severas in the
arza of Mach i and was known as the tunnel choking effect., Until this problem
was solved accurate test results were not possible for transonic tunnels.

Attempts to solve this problem by making smaller models proved unsuccessful
when lower Reynolds numbers were cbtained. Attempts to eliminated the walls of
the tunnel in the area of the test section also proved less than satisfactory.
In 1946 Ray Wright at Langley analyzed the portentjalities of a partiasily open
or slotted wind tunmnel wall. His results sugpested that slots occupying about
t percent of the wall would closely duplicare free-air conditions .2

This solution was quickly applied to the Eight-Foot High Speed Tunnel. In
February 1950 the tunnel was shut down and slotted walls were added to the test
gection, The concept worked and WACA now had the first wind tunnel in the world
that would give accurate test results in the traesonic range, Since all super-—
sonic ailrcraft would have to fly briefly in the transonic range, knowing what
happened to aiveraft in this transition zone was critical to the superseonic
Fighters and bombers being plarned in the postwar era. The sleotted wall concept
was iowediarely pui to work testing the next generation of American aireraft.
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After February 1950 the name of the Eight—Feot High Speed Tunnel was changed to
the Eight-Foot Transonic Tunnel. Before the tunael was phased out of operation
in 1956 critical tests led to the discovery of the famous Area Hule which dic—
rated that the fuselage of supersonic aircraft should be constricted where the
wings are attached and then expanded at their trailing edges. This eliminated
the possibiliry of generating strong shock waves behind an aireraft that can
act as a drag on speed.

Many modern wind tunnels are derived from the technology extended or developed
at Lengley by MACA engineers, The variable Density Tunnel was the world's
first pressurized wind tunnel. The Full Seale Wind Tunnel was exactly that,
full scale and thus able to conduct important drag cleanup tests for modern
aircraft. The Elght—Foot High Speed Tunnel was the first contiruous flow high
speed tunnel able Lo test large models and actual working parts of airplanes.
The addition of the slotted throat design was reveluticmary for its time and
gave accurate wind tunnel data in the trangonic range. Many wedern wind tunnels

incar porate some variation of these features of pressure, large scale, high .
speed, continuous flow, and slotted throat design. These three tunnels marked

the emerging technological superiority of the American alrcraft industry. .
After the Second World War this technology was Lo provide the base upon which

amer {cans would begin to construct rockets that would eventually fly to the

moon and beyond.
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4. Owner of Property
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sirpel & numbar

Wasningbon D.CL 28544

city, lown —— viginity of siabe

5. Location of Legal Description

courthause. reglatry of deeds, 8. yarional Beronautics and Space Administration {HASA)

street & numbar Geal groperty Banagement Qffice Code NXG
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7. Description

Condition Check ohe Chack one
% axcellent ___deterforaled _* uneltered % original site
___ gowod — Fulna —— altered — . moved date

— tair e UNEXprRed - B .

Desariba the pragent and original | known) physical appearancs

The Ploneer Station (DSS 11) was the first deep space station to be constructed
in the NASA Deep Space Nefwork. It was built In 1958 and is at the Goldstone
Decp Space Communications Complex neatr the northeast tip of Goldstone Dry Lake
approximately 45 miles nor thwest of Barstow, California.

The Pioneer Station antenna is a 26-meler large-dianeter, polar mounted,
steerable parabolic dish. The parabelic dish has a surface talerance of
approximately .125 inch and beamwith characteristics (0.1 degree) that
permit efficient use of frequencies. from L to 3 GHz. The antenna structure
was designed for closed loop steering control. The 26-meter dish surface
was constructed of punched aluminum panels bolted to an open steel framework
mounted atop a 62 foot high tower—like polar mount steering mechanism,}

The Pioneer §tation antenna was patterned after the radic astronomy antennas
then in use by the Carmegie Inscirtute of Washington and the Unlversity of
Michigan. There were significant diFferences in the deaign, however. Flrst,
the Pioneer antenna incerporated a closed-loop device for automatically
pointing the antenna at the space probe. The electrical simplicity of a
steerable parabolic reflectar made this a good choice for maintaining
continuous countack with the spacecrafr. Second, to track the space probe
automatically, the antenma had To pussess an electrical feed capable of
urilizing the space probe signal for driving the servo—control system. .
Third, the antenna had ro operate without failure for many copntinucous hours
and without being impaired by wind or temperature. The siogle significant
feature borrowed from the radio agtronomy anteand was the design of the

gear system that moved The antenna, which was a dual gear arrangement call
an hour angle-declination mount. The axis about which the polar, or hour
angle gear wheel rotated was parallel to the polar axiz of the Earth and
pointed precisely, at Polaris, the Horth Star. This axis provided antenna
movement in an Rast-West direction. The declination gear wheel rotated
about an axis parallel to the Earth's equator ( per pendicular to the polar
anis) and enabled the antenna to wove North-South. The gear wheels could

be moved either separately or together. Hecause spacecraft move much like

a celestial chiject in space after traveling several theusand miles from

the Earth, it was naturazl to choose a mount that would steer the antenna
from one horizom to the other at a sidereal rate, thus gimplifying the
pechanical complexity. 4All of these features were successfully incorporated
inte the Pieneor Station antenna. 2

At the present time the Ploneer Starion antenna is mothballed and ia a srandby
status. Over the years it has become rechnologically obsolete and other

NASA tracking stations now carvy the burden of communicating with the varlous
aztive space prolies.



8. Significance

od Areas of Bignificance—Chack and justify halow i
rahistaric  __ archeotogy-prehistoric . community planning landscape architecture ___. religion ;
1400-149% ___. archeclogy-historic ____ cansarvation e AW X sclence .
_ .. 1500-159% . agriculture ——_ economics ——_liverature o Seulpiure -
__..1600-169% __ architeciure ___ education X mititary ___ social/
e iTOD-1T99  __ art 2 _ engineering __ music humanitarian
__. 13001893 _ __ commarce ... exploraticn/seitlement ___. phiiasaphy — theater
~* 1900~ e Gommunications — industry — pollicsigovernment transportation
___. Invention _X_ other {spetily)

aneropautical Resesarch

Specitic dates

i936-1956

Builder Architest NRCA

Statemant of Significance {In ons paragragh)

The Bight-Foot High Speed Tunnel is a landmark in wiand tunnel design.

Ar the

time of the construction of the Righ Speed Tunmel, ‘NACA had only two small high
speed tuanels {the 11" and 24" tunmels) to test aircraft design in speeds

ranging from Mach 0.3 to Mach £.%.
severe limitationg.
small scale models could De tested.

if high Reynolds aumbers could not be obtalned.
powercd by the rapid blowdown of the VDT and were thus restricted to tests
lasting lexs than a minute.

The Eight-Yoot High Speed Tunnel solved both of these problems.
craigh to accommodate sizesble test models and even complete aireraft parts on
1t was alse a continuous flow tunnel that could operate almost indaf-
initely therby giving the engineers sufficlent time to run thelr tests and to
For the first time NACA engineers had a research tool
that could supply high speed test results on & large scale.

Qerasion.

cheock their test results,.

while useful, these small tunnels had twe
First, the small size of these tunnels meant than only
This meant that test results were suspect

Second, both tunnels were

It was large

Over the years NACA engineers contimued to modify and upgrade the Eight-Foot

High Speed Tunnel,

After the Second World War NACA englneers began to work om

improviag wind tunnel performance in the transonic range {(Mach 0.7 to Mach

L.4), It had loag been known that alrflow within the test section of a transonic
wind twnnel did nob represent the actual conditions of free flight. The problem
was that the natural patzern of airfleow in this range is disturbed and altered
by the existence of the walls of the tunnel. This problem became severe in the

ares of Mach i and was known a3 the tunnel choking effect. Until this problem
was solved aceurate test results were not possible for transonic tunnels.

Attempts te solve this problem by making smaller models proved unsuccessful
when lower Reynolds numbers were obtained. Atbempts to eliminated the walls of
the runnel in the atea of the test section alse proved less than satisfactory.
In 1946 Ray Wright at Langley analyzed the potentialities of a partially open
or slorted wind tunnel wall. His results swggested that slots occcupying about
s percent of the wall would closely duplicate free-air conditions.>?

This soelution was quickly applied to the Eight-Foak High Spead Tunnel. In
February 1950 the tunnel was shut down and slotted walls were added to the test
section. The coucept worked and NACA now had the first wind tunnel 1n the world
that would give accurate test results in the transonic range. Since all super—
sonic aircratt would have to fly briefly in the transonic range, knowing wihat
happenad to aireraft ipn this transition zone was criclcal to the supersonic
fighters and bombers being planned in the postwar era. The glotred wall concept
was immediately put to work testing the next generation of American aircraft.
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ifrer February 1950 the name of the Eight-Foot High Speed Tunnel was changed to
the Eight-Foot Transonic Tunnel. Before Lhe tunnel was phased ocut of operation
in 1956 critical tests led to the discovery of the [amous Area Rule which dic—
rated that the fuselage of supersonic aircrafr sheuld be constricted wiere che
wings are attached and then expanded at their trailing edges. This eliminatred
the possibllity of generating strong shock waves hehind an aircrafc that can
act as a drag on speed.

Many modern wind tunnels are derived from the technology extended or developed
at Langley by NACA engineers, The Variable Density Tunnel was the world's
First pressurlized wind tunnel. The ¥ull Scale Wind Tunnel wag exactly that,
full scale and thus able to conduct iwpertant drag cleanup tesls for modern
aircraft. The Eight—-Foot High Speed Tunuel was the first continuous flow high
speed tuanel able to test large models and actual workinmg parts of airplanes.
The addition of the slotted throat design was revolutionary for its time and
gave accurate wind tuanel data in the transonic range. Many modern wind tunnels
incorporate some wvariation of these features of pressure, large scale, high
spead, coatinugus flow, and slotted throat design. These tiree tuanels marked
the emerging technolegieal superiority of the American aircraft industry.
After the Second World War this technology was LO provide the base upon which
americans would begin to construckt rockets that would eventually fly to the

moon and beyand.
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Verbal boundary descrptian and justitication

The poundary of the Eight-Foot High Speoed Tunnel is defined by the outside
merimeter of Building 841 in the #ast Area of the Langloy Research Center.
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Footnotas

1., Information taken for the description of the Spacecraft Fropulsion Research
Faciltity was derived from the followlng sources:

Flum Brook Statlen [Cleveland, Ghic: Lewis Research Center, HNo Date), p.lé&.

Spacecraft Propulsion Research Facility "B-2" (Cleveland, Ohio: Lewls Research
Center , May 1972}, pp. 1-17.

Technical Facilitles Catalogue Vol. 1 {Washington, D.C.: MNatlonal AeronauLics

. and Space Administration, 1974), pp. 4-89%., 4-90.
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HASA, Langley Research Center Archives
. Interior view of test section with Vought 03U-1
Alr plane

1. Full Scale Tunnel
2, Hampton, Virginia
3. HNACA

4, 193]
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Full Scale Tunnel

Hampton, Virginia

HACA

1950

HASA, Langley Besearch Center Archives
Interior view of test section with submarine
Albacore
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Full Scale Tunnel

Hampton, Virginis

NASA

19478

NABA, Langley BEesearch Center Facilities Office
Modern interlor view of test section







Pull Scale Tunmel

Hampton, Virginia

NASA

1983

HASA, Langley Research Center Facilities Qffice
Modern view of the two four—biade fang that
power che Full Seale Tunnel







Full Scale Tummel

Hampton, VYirginia

RaSA

1581

NABA, Langley Research Center Facllities Office
Exterior view







Twenty-Five-Fopt Space Simulator

Pasadena, Callfornis

HASA-JPL

1981

JPL Facilities Offlcw

Interior View of Twenty-Five-Foot Space Simulator
with test article










2l.

TRACKING STATIONS

Ploneer Deep Space Station (Goldstome
Tracking Station)









tmitary Plan Wind Tunnel

Moffett Field, California

HASA

1984

WASA, Ames Research Center Facllities Office
Exterior view — The Unitary Plan Wind Tummel is
in the center of the photograph
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ROCKET ENGINE DEVELOPMENT FACILITIES

Rochet Englne Test Facility (Lewis Hesearch Center)
Zero-Gravity Research PFacility {Lewis)

Spacecraft Propulsion Research Facility
(LeRC Plum Brock Operations Divisiom}
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1. Name

historle RBockoet Engine o=t Facility

andior sommof Rocket Propulsion Test Facility

2. Location

streat & number 'ewis Research Cenier ___ nod for publication
city, lown  C1ovELass ___ vicinity of congtesasional district
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Frpriordtion

4. Owner of Property

street & number

erty, tgwn  #ashington — wiciniry of slate D-C. 23uad

5. Location of Legal Description

courthause, registry of deeds, etc. sational Asronautics and Spacc Admicistration (HRSA)

stresl & rumber Real Property Manaaement 2fflce Code NG

Wasn! ngran .C.  2134h

City lowny siaie

6. Representation in Existing Surveys

tite  wone has this property been determined eiigible? ___yes —..no

date ___ federal ___state ___ county _._ local

T

depository tor survey records

¢ity, town slate




7. Description

CondHition Check one Chack sne

A axcellent __ deteriorated ___ unaltered x— original sils

__ good ___tuins A ahered . _moved  date _ .
__ Tair — Unexposed

Describe the prasent and original (if known} physicsl appearance

The Rocket Engine Test Facility (RETF) Complex is an integrated stand-alone
test facility dedicated to the testing of full scale Tocket thrust chambers.
The complex is at the socuth end of the Lewiz Research Center (LeRC}, Cleveland,
Ohic, aud occuples approximately ten acres of land. The complex includes LWo
major buildings with extensive support services. The RETF {Building 202} i=s
used for sea level testing of vertically mounted rocket thrust chambers and
space simulation testing of horizontally mounted racket engines. The Rocket
Operations Building (ROB)} (Building LGO) is located one-quarter mile north of
RETF and contains the facility remcte contrel room, 3 shop area, and general
office space. This unique test complex has high pressure capabilities, the
ability to test with a wide varlety of rocker propellants, and space simulaclon
capabilities for large area ratie rocket nozzle tests.

The RETF was completed in the fall of 1937 at a cost of 52-1/2 million Lo test
hydrogen—fluorine and hydrogen—oxygeu rocket thrust chambers. The faciliCy
test capabilities have been significantly upgraded since ir was built.

Facility Systems

The RETF cunsists of a 1325 square foot test cell containing two test stands,
pressurlzed propellant Tun tanks and propellant flow line systems, and 4 rocket
cxhaust gas treatment combinatien serubber and silencing tmuffler. & 4804
squate foot shop service building and 16 large volume high pressure {4000 Lo
6000 psi) gas storage bottles are adjacent Lo the test cell. The suppott
systems include permanent on-site bulk storage dewars for cryogenic liquid
hydrogen, liguid oxygen, and liquid nitrogen and a large water reservoit; all
ire conmnected to the test cell by permanent pipelines. Four small buildings
including a pump house, helium COmpressor shelter, liguid hydrogen pump—
vaporizer shelter, and an observation blockhouse are part of the Lest complex.

Boch the kigh thrust (20,000 b} vertical test stand and the low thrust (to

1000 1b)} horizontal stand exhausts discharge into the common scrubber muffler
system for toxicity and gound caontrol, The scrubber system and facility founda-
tions are designed to accommodate rocket engines up to 100,000 lb, thrust while
the present engine mounting and plumbing, controls and lnstrumentation limic
testing to a maximum of 20,000 1b. thrust. The scrubber system consists of a
100-foot long horizontal tamk, 25 feet in diameter containing six water Bpray
banks connected te a vertical stack 20 feet in diameter (which necks down to 6
Feer in diamenter) by 118 feet high. During a run, water from the reservoir
tank flows bo Ehe exhaust scrubber at a rate of 50,000 gallons per minute. The
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hot gases, emerging from the rocket nozzle at velocities of agQl to 12,000 fect
per second and temperatures of about GOOO°F, are met with a drenching spray of

water and guickly cooled to steam temperature and slowed to a velocity of about

25 feet per second. Addicional water sprays condense the steam, and noncondan-

sable exhaust gas emerges from the stack below 160°F and a velocity of about 20

feat per second. Water from the scrubber is ducted Lo a detention tank for
treatment and then discharged to the ground water sysLem.

The 1984 modificatlons provide a space simulabtion test capability for the study

of extremely large area ratlo nozzles {to 1000:1) on smal), low Lhrust rockat

engines. The modifications include a large vacuum tank which houses the rocket

engine, a long, water cooled diffuser section into which the hot engine exhaust

is fuoneled, an inter—cooler for cooling the exhaust gases, and two gas egjectors

to provide the pumplng necessary to maintain the low vacuum environment dur ing
cesting.

Nine individual propellant sySLems comprised of run dewars and taaks with
working pressure rangiog from 15300 to 600G0 psi are operaticnal and permancntliy
counected to the test stands with stainless steel, vacuum, 0T ligquid nitrogen
jacketed plpelines. These systems provide the capzbility to Ctest the thrust
chamber without the need for high pressure rocker turbomachinery aad pamps.
The separate propellant systemns are integrated to suppert a particular rocket
technelogy program on an as—required basis. Hydrauvlie, variable position

valves control hoth the pressurant gas flow to the run tanks and the prapeliacnt

flow to the rocket chambers under Eests.

The primary liquid hydrogen, liguid oxygen, cooling water, and hydrocarbon
propellant systems are rated at 5000 psl working pressureé. Currently, gzsecus
hydrogen at 4000 psi, gaseous helium at 6000 psi, and gaseous nitrogen at 3000

psi are being stored. & nominal 500,000-gallon water storage reservolir supplies

the scrubber and muffler as well as providing a scurce of water for the 630

gal/min and 1400 gal/min (at 450 psi) pumps and for cooling the recket altitnde

simulation system. On-site bulk storage of liquid nikrcgen {28,000 gallons)

liquid oxygen (2,000 gallons}, and liquld hydrogen (18,000 galions} support the

Rocket Engine Test Faeilirty. On-site sas- pumping equipment in service at RETF
supply gZaseous hydrogen at 4000 pei, gasecus helium {autpmated) at 6000 psi,
and gaseous nilrogen {automatced) at 3000 psi to rhe varlous gas hottle tarms.

A flare stack, at the top of the scrubber stack, provides the facillity with the

capability for open afr burnoff of non-regenerative hydrogen, discharged from
thrust chambers at rates up to 3 pounds per second .
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In the test cell integral CO; and water deluge fire suppression systems and

strateglcally located concrete blast walls aid ia damage control if a rocket
champer fails under test. MHydrogen gas detectors are throughout the facility
to warn of potentially hazardous hydrogen laaks.

control and Instrumentation

The RETF test stands are remotely controlled from the well equipped control
room in ROB. Manual, automatic timed, and computer electrical units control

the facility justrumentatien, data acquisition, hydraulic servo systems, valve

operation, and the rocket engine operation from that location. $Solid state,

programmable flow controllers and sequence timers provide automatie propellant

flow control, remote sequence timing, and automatic preaissive and cut—-off

cuntrol for the rocker engine under tests. Fagillty safety monitoriog iz also

provided.

Data are processed through a 900 channel high speed (31K Hz) digitizer
multiplexer data acquisitlon system and fed by a direct digital data link

to the Lewis Research Center central data system (TBM 3033 TSS% and Cray 1-S
computers), This system provides on-line data reduction capabilities Lo the
contral coot via hardeopy terminals and CRTs located at ROB, Analcg dats
syatems provide "gquick look™ test data through four ggcillograph recorders.

System presyures are displayed on panel meters in the control room for facility

. -mote control. Closed circuit television systems and a sound monitoring

systen provide real Cime data necessary for the remote control of rocket tests.

4 facility intercommunication system, and emergency compunication systed, and
two independent telephone systems all provide the communications network
necessary for safe rochet test cperations.




8. Significance

Pariod Areas of Significance—Check and jusiify below

___ prenistorlc  ___ archoology-prehisioric ___ communlty pianning . landscape architectura ___ religion
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___1700~17989 __art _i_ sngineering ___ muslc humanitarian

__. 18001899 .__ commerce ___ wxploration/settiement . phllgsophy — - \heater

2 1a00- ___ communications — Industry __ politicsigovemment . transportation
—— invention _X__ other {specity)

—_ Space Exploratlan

Spacific dates 1957-Fresent BullderArchitect NACA

Sisismant of Significance [in one paragraph)

The Rocket Engicne Test Facility (RETF) 1s nationally significant because af its
contribution in the development of the lighwelght, regenaratively cooled hydrogen
engine, The RETF waz buillt in 1856 by the National Advisory Committee for
Aeronautics (HACAY at the Lewils Hesearch Center for the purpose of sea level
testing of verticallymounted racket engines. The congtruction and use of the
RETF was the next logical step in the continuing mission of Ehe Lewis Research
Center in the field of aircraft propulsion systems.

The Lewls Hesearch Center was from the beginning of its history a propulsion
center for the National Advisory Committee for Aeronautics. It was from this
early work which bridged the tramsitien fraom reciprocating engines to newer gas
turbine jet engines that Lewls: made its early mark for NACA. In the years
immediately before the creation of RASA in 1359 technical perscnnel at Lewls
begin to experiment with the possibilities of uging hydrogen as a rocket fuel.
Hydrogen was a desirable fuel because of its low weight and high specific
impusle. It was a powerful fuel that appeared to hold promise in the development
of high performance rocket engines. Hydrogen was alsoc a dangerous fuel cto
handle due to the posaibility of explosion and the need o upe exotic oxidlzers
such as flourine and oxygen.

By the late 1950« researchers at Lewis became convinced that the desirabilily

of using hydrogen—oxygen as a fuel for upper stage rockets was not only desirable
but practicable. This data on the use of liquid hydrogen—oxygen combination
developed at Lewis in the REIF was rapidly put to use by KASA contractors in
developing liquid hydrogen rockets for the American Space Progrant.

The specific accomplishments that resulted from this work at the RETF were the
development of the RL-10 engine for the Centaur rocket, the J-2 engine for the
ssturn rocket, and hydrogen—oxygen engines currently used by the Space Shuttle.
The development of the techmology needed to handle liguid hydrogen-oxygen cannot
be overestimated. The use of the Centaur and Saturn rockets have made possible
the American expleration of space in both the manned Apollo program and the
unmanned program to explore the planets and the solar enviconment, The technol-
ogy used to build the Centaur, Saturm, and ecurrent Space Shuttle rockeis can bz
directly attributed to the work of the Lewis Research Center in che RETF in its
effort to support the continulng propulsien needs of WASA for lts many space
programs and missions.

The RETF is an active WASA faciliry that is now engaged 1n research to improve
rocket technology programs in support of the Advance Space Shuttle, Orbit
Transfer Vehicles, and Ehe newly announced Space Station Project.
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Spacecraft Propulsion Besearch Facility
Gandusky, Ohio

NASA

1981

NASA, Lewls Research Center Facility Office
futaway view of the fecility




I

ROCKET ENGINE TEST STANDS

Redstone Test Stand {George €. Marshall Space
Flight Center}

Prupulsion and Structural Test Facility (Marshall)

Rocket Propulsion Test Complex {Natlonal Space
Technology Laboratories)
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Zero Gravity Besearch Facllity

Cleveland, Ohio

HASA

19482

NASA, Lewils Research Center Facilities Office
Cutaway section of the facildcy




RARA
C-A2-31565




Zero Gravity Research Facllity
Cleveland, 0Ohilo

HASA

19382

HASA, Lewls Facllities Office
Exterior Yiew







Zero Cravity Research Facility

Cleveland, Ohic

HASA

1982

HaSA, Lewlis Research Center Facllitiesa Office
Exterior View
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¥erbal boundary description and justification
The houndary of the Zerc—Gravity Facility is shown as the green line on the accompanying
Map entitled "Natiomal Acronautics and Space Administration, Lewis Research Center."”
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Focket Engine Test Facility

Cleveland, Ghic

RHADA

1976

HASA, Lewils Research Center Pacllitles Office
Rocket Englne Test Cell




7. Description |

‘ ndition Chatk one Check ore
axceilent __ deteriorated _y  unattered £ original site
1 ___ fuing — alusred — moved  dale
] — unexposed

Dagcriba the prasant and arigina)l (f known) physlcsl appaarsnce

The Spacecraft Propulsion Hesearch Facility is at the Plum Brook Station of thse
lewis Research Center. This facility is designed for hot firings of full-size
| space vehicles in an environment simulating conditions at an orbital altitude
| of 100 miles.l The major elements that support this facility are a test building,
! an equipment building, a three stage exhanst system, a waste L(reatment retention
| pond, a propellant oxidlzer and fuel storage area, an electrical substation, a
‘ refrigeration system and a service bullding.

The Spacecraft Propulsion Test Building is more than 70 feec high and extends
176 feet helow grade. The below-grade spray chamber 1ls 67 feet by 119 feet in
diaweter and hoids 1,750,000 gallong of water. A 2.5-millicn—gallon retention
pond 1s northeast of the test bullding. The three-stage steam ejectors are in

| the back of the test building and ar 11 foot diameter duct connects them to the
spray chamber., The vacuum test chaober 1s a stainless steel cylinder that can

| accommodate space vehicles up to 22 feet in diameter and 50 feet high. Two &
foot 6 inch access openings are provided at the top and bottom of the test

| champber . Five 8 inch viewports are provided at the tap, center, and bottom of
the test chamber for TV monitors. The test chamber is providéd with a 27 foot
access door for test, spacecraft articles, The heat sink of space is glmulated
by a Liquld Hydrogen cold wall {maintained at -3200F) consisting of copper

. tube-in-gtrip panels surrounding the inside wall and top dome of the test

chamber . Twelve columns of quartz infrared lampe spaced along an atc of the
inside wall of the test chamber simulate thermal radiation and heat from the
SUTL &

In operation, an entire vehicle can be vacuum "soaked"” to the proper envir-—
onmental space conditions ln preparation for engine test firing. With ths
-3200F cold walls and 5 ¥ 10~9-torr vacuum, rocket engines can be ignited

in the chamber under space conditfons. As chamber pressuvre builds up because
of the exhaust gas, an 11 inch diameter valve opens in O.4-second to conoect
the chamber to a stesm ejector system. Iwo parallel steam ejectors remove the
engine exhaust products from the chamber while maintaining a moderate vacuuh
level, Three large dump tanks are in the exhaust spray chamber to recelve
propellants in an emergency situaticn.

The exhaust system includes a 250,000-gallon-per-minute water spray systenm for
cooling the rocket exhaust. The spray system water is recirculated through the
1,75-million-gallon catch basin under the chamber.
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Period arens ol Bignificance-—=Chack and justify below
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___ i600-169% ___ architecture X . wducation — military e SOCiaN .

17001788 ___ ar — enginearing — music humanitartan

.. 1600-1899 _ commerce ___expigratiorssettlement ___ phllcsephy — lheater _

K 1900 - Ccommunications — indusiry ___ politics/government  _i{_ transporiation
___invention X other (specily)

Spape BExpl gration
fpacifle datas 1258 Bullder/Architect HASA

Siatsmant of Significance (in one paragraph)

The Spacecraft Propulsion Research Faecility'e aipnificance rests in ics
assoclation with the development of the Centaur Rocket. This facility 1s the
only one in WASA's dnventory that can hot fire a large rocket while simulating
the vacuum, cryogenic temperatures, and thermal radfation of space. The dupli-
cation of this space eavironment was cruclal to the development ¢of the Centaur
Focket which was desipned to fire from Earth Orbir te send vehicles to explore
the planets and Solar System. The Centaur upper stage rocket has launched some
of America’'s wmost important epace probes including the Ploneer, Viklng and
VYoyager Spacecraft. The successful development and use of the Centaur was due
in large measure to data that wase colleceed from successful rest firings of
Centaur engines In this facility.

The importance of the Spacecraft Propulsion Research Facility iz in its unique
technical capabilities and its asscclation with the Centaur research and devel- .
opment program. At the present time this facility is maintained by NASA on a

standby status.
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Verbal boundary description and Justilicaiion

The boundary of the Propulsion and Structural Test Facliity is defined by the oubtsidie
gerameter of Zuilding 4572 at the Macshall Space Flight Center,

List ail states and countles tor propariiss averiapping stste or county boundariss

slate code county code

staim coce county coda
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Recovery System - After the experiment vehicle has traversed the total length

wf the vacuum chamber , 1t is decelerated in a 12-foot dilameter, 20-foot deep
container which is centered on the vertical axis of the chamber and filled with
small pellets of expanded polystyrene, The deceleration rate (averaging 32 g)

15 controlled by the flow of pellets through the area between the experiment
vehicle and the wall of the deceleration container. Thie deceleration container
is mounted on a cart that is retracted prior to utilizing the 1(0-second mode of
operation. In this mode of operation, the cart is deployed after the experimental
vehicle 1s projected upwards by the pneumatic acceleratar.

This facility is in active service supporting present space shuttle experiments.
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8. Significance .

Parlod Araws of Signifioance—Check snd justiy below

—— Ppihistoric  ____ archeology-prahistoric community planning __ ‘andscape architectury religion

14001499 ___ archeclogy-historic — consarvatlon — -2 sclenca

—1500-1589 __ sgricubure — economlicy — literstyre — sculpture

— 18001860 _ srchiiectura — Sducation = mliliary —_ soclalf

— 1700-1709 ___ ant ¥_ angineeting — music humanitarian

—1800-188% . commerce ~ @xplorstion/esttiemant ____ philoscphy —— thester

X 1900~ -~ ¢cemmunications — Indusiry — polltlica/government  ____ transportaiion
—__ Invention A other {apecity)

Space Exploration
Specitic dates 196-vresent Bullder/Architect  NASA

Siatemaent of Bigniticance {In ans paragraphj

The Zerc-Gravity Facility Is significant because it is the only such facility

in NASA"s inventory that can study the behavior of liquids in a low gravity
environment. A knowledge of the characteristics of liquids in a space vehicle

is important to design engineers., Information concerning liquld sloshing which
<an change the center of wmass of a gpace vehicle and thus effect vehicle stabiliry
and control is absolutely essential to the successful per formaitce of liquid

high energy space vehicles such as the Centaur and Saturn upper stages. The

study of the effects of liquid sloshing on the performance of upper stage

liquid rockets was therefore essential to the successful completion of the
dpjectives of the american Space Frogram.

The Zero-Gravity Facility is the onlly such facility of its type in the world
and is direetly linked to the development of the Centaur and Saturn upper stage
rockets, which have transported Americans to the moon and sent American space
vehicles such as the Viking, Voyager, and Mariner spacecraft to the planets.
Research and data developed here involving che physics of liquids in a zero-
gravity environment was indispensible to the succeseful development of thesce
high energy liguid fueled rockets.
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Footnotes

1. The descriptive material 1n this sectlon was tzken from the fellowing source:

Thomas Labus, MNatural Frequency of Liquids in Annular Cylinders under Low
Gravitaticnal Conditions, NASA Technical Note D-5412, {Washingronm, D.C.:
Naticnal Aeronauvtice and Space Administration, September 1969}, pp. 22-4.
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labus, Thomas L. Natural Frequency of Liguids in Annunlar Cylinders under Low
Gravitational Conditions. NASA Technical Note B-5412. Weshington, D.C.:
National Aeronautics and Space Administration, September 196%.

National Aercnautics and Space Adminlatration. Technical Facllities Lewls
Research Center. Cleveland, Ohic: Lewis Research Center, No Date.

National Aeronautics and Space Administration. Zero Gravity Research Facility.
Cleveland, Chic: Lewls Research Center, September [966.

Fetrash, Donald A. and Corpas, Ellias L, Zero Gravity Facllity for Space Yehicle
Fluid Research. Reprinted from the 1973 Proceedings of the 19th Annual Meering
“f the Institute of Envirommental Sclences. Mo place of publieation, Ro date.
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1. Name

nigionis prosulsicg amd Structural Test Facility

and'or comman Sl idd Moator Strectural Test E‘aCilit_V

2. Location

siraet & number  Gacrge . Mavshall Swvace Flight Center —— not tor publicatton
city. town  Huntaviile —.— vicinity of congressional district
state o lanama coda 01 county Madison code a9
- - -
a3, Classification
Calegory Dwnarship Status PFrosant Use
__ digirict 2 public ... accupiad ___ agriculture —_ Mmuseum
—— huildingis) . private ____unoccupled ... commercial .. park
i Slructurs e D0ER __ wark in progreas — educational ___ private residenca
.. Bite Public Acqubsition Accassible ___. antartalrment — reilglaus
___ ooject ___ in process & yae: restricted _¥ . fgovernment 2 sclentific
. - - being considered .. yem: unrestricted o industrial 2 transpartation
—— RO __ . mifitary & other ST

FExploeast ton

4. Owner of Property

mame  Hactional heronactics and Space Administration [HRSR)

«ireet & number

ity towsr  Washington —— wiginlty o saate [, o, 20540

5. Location of Legal Description

courthouse, mﬂgl:ttry ot deeds, etc. Mirnional Aeronautiszs and Space administraticn (LA5R)

Srept & moaoabar Sl Property Saracomenc OfTioe Dode NAG

oo aslidngton state D.T. 23545

8. Representation in Existing Surveys

Tl _Zii.t-i.-:_'ri: Froiet Licg Heport [(rafr) has this proparty been determined gligivle? ..__yes _.._no
date il L0 _ federal ___ stata ___ county __ local
U_cpia_it_uw Ior suryey recands U.8, Army Bedstone Arsenal

L%y, iewn !{'-.].‘.Ltﬂ‘»’l lle state Mapamna




7. Description

Condition Chueck ane Check one

o excellent . - . deteriorated  _ . unaltered __ originat site

_. . good ... ™ing (X Altered — moved date
____ fair — unexposed

Cescribs the prosent and original |if known) physical appaarance

The Solid Rocket Moter Structural Test Facility {(Building # 4572) was coustr: feo
in 1957. It is in the East Test Area of the Marshall Space Flight Center. uis
facility is a two-position test stand with a concrele foundation, reinforced
concrete load Erame, and steel structural frame. The test stand is 1753 feet

pigh and 20 feet x 30 feet at its base. The support shop, cffice space, and
terminal rout accupy 13,360 square feet of area. The tesk stand is equipped

Wilh & L00-ton overhead crane and a 45-ton gantry crane {Building #4573 .

tontrol and iqstrumentation are provided by the East Test Area Blockhous: abi.
Cable Tannels (Building #4570), with connections to the computer—controlled

data acquisitiou sysLem im the Structures and Mechanics Laborarory.

fine pasition of the test stand can static fire L.f-million pounds of thrust
stages Lot engines utilizing LOXK/kerosene propellants and can accommodate
stages H2 feat s 22 feet. The osther position has been modified to accommpdat e
sulbid rocket boaster static testing. Modifications included enlarging and
enclosing the west flame trench to accept Che test booster .

e Solid Recket Test Facility is aetive and is expected to provide continuca
suppoct te the development and testing of new advanced rocket mutols and voehicloes
[exr years bo como.




8. Significance

iod Araas of Significance—Check and justify balow ) o
prehistoric  _ archeology-prehistoric community planning . landscape architecture __ _ rell_lgmn
__._ 14001499 __ _ archeoingy-historic —__ canservatian — law _ _ science
__ 15001599 ___ agriculture . BCONOMICS _— lltgrature - s:ul_ptluna
_ 1600-1699 __ __ architecture - edusation XK. military _ _ social o
:;_1?0&4?99 — art X engineering e — INUBIC humanitarian
__1800-169% ___ commerce _ explorationsettlement phiiu_fsaph-,r . — thaater )
4 1900- — . communicatians _ . Industry —._ politicsigovernment ___ transpurtau_nn
o _— Inyention hs uiher{spe:ﬂyl
- e Spage mrolusablen
Specific datles |07 b Buildar: Architect U.S. Army ) o

Statement of Significance [In ona paragraph)

The Solid Motor Structural Test Facitity was built by the United States Army in
1957 to support testing of the Redstone and other rockets then under development
by the Army Ballistic Missile Agency at Redstone Arscnal. After the estahllishment
of the National Aerouautics and Space Administration the Solid Motor Structural
Test Facility was transferred to MASA's George (. Marshall Space Flight {eater
wititin the houndaries of the Redstone Arsenal. During the next few years the
Marshall Space Flight Center became the primary WASA Center responsible for the
development of large launch vehicles and rocker propulsicen systems. During the
19605, under the leadership of Br. Werner von Braum, the Marshall Space Flight
Conter developed the Saturn Family of launch vehldcles. The Satura | was the
launch wvehicle for the Pegasus meteorcid detection satellite. The Saturn 1-E
was used for Apollo spacecraft develoupment and orbital maneuvers and for the
Skylab and Apelloe-Soyuz missions. The Saturn V was the launch vehicle for the
Farth ocbital wmissious and eventual moon landing missions.

The S0lid Recket Motor Structural Test Facility is one of the oldest rocket
motor test facilitics at the Marshall Space Flight Center. It has supported
testing of the Army Redstoue Recket, the Saturn 5-18 vehicle, and F-1 enging of
the Saturn 1= vehicle employed in the Apollo program. After the cumpletion of
the Saturn development program one position of the test stand was moedified teo
arcomnodate static rtesting for the $o0lid Rocket booster currently used in the
Snace Shutrle Program. The %clid Rocket Motor Structural Test Facility, through
its continual use and develppment over the years since 1957, has played a part
in the testing of every importaant rocket developed by the Redstone Arsenal and
later che Marshall Space Flight Center. Through its continual use and modifica-
tion to meat the demands of new programs, it is illustrative of the primary
mission asgsigned to the Army Ballistic Missile Agency and the George C. Marshall
Gpace Flight Center-—the development of large launch vehicles and propulsion
systems needed Co support the American Space Program. The launch of the Apollo
missions to the moon were spectacular, but without the support provided by the
Marsiall Space Flight Center and the years of testing of rocket boosters at the
sinlid Kocket Motor Test Facility, the American Space Program would never hawve
caceecded - '
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1. Name

histarle iero Gravity Resesarch Vacility (B-2)

and‘or common sera Gravity Ressarch Faclilty

2. Location

streed & number Tewis Research Center — noi tor pubilcation
city, town  Uievoland — wicinity ot congresskomai diatrict
gtele Cric coty i9 courty Cuyahoga code D35
w L] -

3. Classification
Categoary Ownwerxhip Biatus Prasant Uss
e dintrict _*_ public —— occupled —_ agrlcuftura o muBseum
— building(s) ___ private ___. unoscupled —m = COmMMmerciai — park

% gtructure  ___ both —__ work in prograss —__ aducational —— privale residenca

— ite Public Acquisitlon cessible —— #ntertalnment . rerligkyun

_ object ____inprocess _" _ yes: meiricied _K__ govemnmani A sclemtiflc

. being considered — yos: unrasiricied —— industrial —— ransportation
—_ngo e MilliLAFY X othar; Space

PRnlGLar Lan

4. Owner of Property '

name Hational Reronautics and Space Administration (MASA)

streat & numbgr

clty, tawn  Washingtan vichity of glgis D.C. 20346

5. Location of Legal Description

eourhouse, registry of deeds, etc, Hational Reronautics apnd Space Administraticn [(NASA)

streed & humbgr  Doal Probarty Management Office Code THG

City, town Hashington — O.C. 20546

6. Representation in Existing Surveys

Moo has this property bean determined eligible? ____yes ___ ng

_ _f{ederal . _ state __ county __._local

depesitory for survey records

ity town stalg
—_——




7. Description .

Condlition Check onw Chack one

_ ¥ excellent — deteriorated ¥ unaligred A ariginal site

- Good —ruins — altered —— moved date
— . fIair ____ unaxposed

Deacribe the present and original (if known} physical sppearance

The Zers Gravity Research Facilicty is at the Lewis Reseacch Center in Cleveland,
Ohio. It is the only know facllity of its size in the free world capable of
perfcrming tests In a reduced gravity envirooment, Tt has successfully supported
researchers lovolved in the HManned Space Frogram (Mercury, Gemind and Apolla),
and the Centaur Program. Most research teats inveolve behavior of components,
systems, ligulds, gases, and combustion when under the infiuence of reduced
gravity or low acceleracion environments .l

This facllity conslsts of a concrete-lined, 28-foot diameter shaft that extends
510-feet balow ground level, A steel vacuum chamber, 20-feet In diameter and
470-feet high, is contained within the concrate shaft. The pressure in this
vacuun chamber iz redured co 13.3 newtons per square meter (l.ﬂxlﬂ'ﬁatm}

before uze, :

The ground-level service building has, as its major elements, & shop area,
control room, and a clean room. Assembly, servicing, and balancing of the
experiment vehicle are accomplished in the shop area. Tests are conducted

from the coatrol room, which contalns coantrols for the "pump down" of the
vacuum chamber , the experiment vehicle pre-drop checkeut, release and the daca
retrieval system. Those components of the experiment that are in contact with
the test liquid are prepared in the facility's clean rcom. The major elements
of the clean room are an ultrasonic cleaning system and a laminar-flow work
station for preparing those experiuvents requiring more than normal ¢leanliness.

Mode of Operation -~ The Zero—Gravity Facility has two modes of operation. {ne
is to allow the experiment vehicle te free fall from the top of the vacuum
chamber , which results in a nominal 5.15 seconds of free fall time. The second
mode is to praject the experiment vehicle upwards from the bottom of the vacuum
chamber by a high-pressure pneumstic accelerator on the vertical axls «f the
chamber . The total up and down trajectory of the experiment vehicle results In
a nominal 10 seconds of free fall {lme, -

In either mode of operation, the experiment vehicle falls freely; that 1s, no
guide wires, electrical lices, are connected Lo Lhe vehicle. Therefore, the
only force acting on the freely falling experiment vehicle ig due to rezidual-
air drag. This results in an equivalent gravitational acceleration acting on
the experiment, which is estimated ko be of the order of 10-3 E or better.
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Ames Research Facilities Handbook., Moffert Field, California: National

deronatuics and Space Administration, 1982Z.

Baals, Donald D., and Corliss, William R, Wind Tunnels of WASA. Washington,
D.C.: Hational Aeronautics and Space administratiom, 198].

Hartman, Edwin P. Adventures in Reseacch: A History of ames Research Center

1940-1965. Washingten, D.C.: Hational Aeroneutics and Space Administration,

1270,

Technical Facilities Catalog Vol. 1 Washington, D.C.: Natlonal Aercowautics and

Space Administracion, 1974,



9. Major Bibliographical References

See ¢ontinuation sheets

10. Geo_graghical Data

Acresge of nominated property Less than & acre

Quadrangle name _NMountain view Quadrangle acaie 1:24.000
uMT Aslerances
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Yarbal boundary deacription snd justifioation
wne boundary of the Unitary Plan Wind Tunnel is shown as the green line an the
accompanying map entitlsd “Building location Chart, NASA, Ames Research Center.”

List st states and countias tor properiies ovedapping siate or cowunty ecmsiurbas

atate oo scounty oo
ataty oo HHH'!.'.I - — LN. -
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The Ames Unitary Plan Wind Tunnel Complex is a landwark in the development of
conventional wind tunnels and represents the continuwing affort of the National
Advisory Committee on Aeronautics to provide the American aircraft and Aerospace
industries with the best research facilities possible to insure the rechnological
superiority of the i{industcy. It provides the logical crossover point from NACA
to NASA and has contribuoted equally to both the development of advanced American
aireraft and manned spacecraft.
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1. Ames Research Facilities Handbook (Moffett Fleld, Galifornia: National
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4, Tbid., 20.

5. Donald D. Paals and William R. Corliss, Wind Tunnels of NASA (Washingtonm,
5.C.: Hational Aerconautics and Space Administrationm, 1981}, pp. 66=67.

6. Ibid.

7. Ibid.




7. Description

¢ ondHion Chack ona Check one

axcellent ..—. oeteriorated ___ unaitered _* original site
— {ood —___Tdins — .. altered _ — moved date —
— fair . — WHnaxposed

Dascribe the pressnt ard original |1 known} physical appaarance

UNITARY PLAN FACILITY

The Unitary Plan Facility is a unique system of wind tununels comprised of three
test sections: an ll-by ll1-Foot Transonilc Tunnel {Mach 0.40 to 1.40), a 9-by
7-Fout Supersonic Tunnel (Mach 1.55 to 2.50), and an 8-by 7-Foot Supersonic
Tunnel (Mach 2.45 te 3.45), all capable of aperating at variable stagnation
pressures, The major common element of the tunnel complex is ites drive system,
consisting of four intercoupled slectric motors that can provide 134.23 MW
(180,000 hp)} contimuously.l

11-8Y¥ 11-FOOT TRANSONIC WIND TUNNEL

The 1l1-by ll-Foot Transonic Wind Tunnel is a clesed-teturn, variable density
tunnel with a fixed geometry, ventilated throat, and a single-jack Elexible
nozzla. Airflow is produced by a three-stage, axial-flow compresscr powered

by four wound-rotor, variable-speed, Induction mokors. For conventional steady-
State tests, models are generally supported on a sting. Internal strain-gage

balances are used to measure forces and moments. A schlleren system is available
. for studying flow patterns, elther by direct viewing or by photographs, as well
. as a systew for obtaining 5! X 101 cm (20 X 40 in.) shadowgraph negatives .2

9—BY 7-FDOT SUPERSONIC WIKD TUMNEL

The 9-by ?-Foot Supersonic Wind Tunnel iz a closed-retura, variable-density
tunnel equipped with an asymmetric, sliding-block nozezle. The test section
Mach number can be varied by tramslating, in the streamwise direction, the
fixed contour block that forms the floor of the nozzle. airflow is produced by
an ll-stage, axial-flow compressor powered by four variable-speed, wound-reoror,
induction moters. For conventional, steady-state tests, models are generally
supported on a sting. Internal strain-gage balances are used to measure forces
and moments. & schlieren system is avallable for studying flow patterns,
either by direct viewing or by photographs, as well as a system for obtaining
51 X 51 cm (20 X 20 in.) shadowgraph negatives.

| 8-BY 7-FOOT SUPERSONIC WIND TUNNEL

‘ ‘The 8-by 7-Foot Supersonic Wind Tunnel is a closed-returm, var iable-density

' tunnel equipped with a symmetrical, flexible-wall throat {the side walls are
positioned by a serles of jacks operated by hydraulic motors). The upper and
lower surfaces are fixed, Airflow is produced by an ll-stage, axial-flow
compressor powered by four variable-speed, wound-totor, induction motors. For
conventivnal , steady-state tests, models are generally supported on a stiag.

. Internal straln-gage balances are used to measure forces and moments. A schlie-

ren system 1% available for studying flow patterns, either by direct viewing ot
by photographs, as well as a system for obtaining 51 X 3] cm {20 X 20 in.)
shadowgraph negatives.%



8. Significance

Paricd Areas of Bignificance—Check and justify below
___ pehistoric ___ smcheology-prehistorie community pianning . iandacape architeclure rafigion
__ 1400-1433 ___ archeotogy-historic —__ conservation — law A gohance
___ 1500-159% ___ agricultues _._ econamica — . literature: —_ scuipture
__ 1800-1693 ___ architecturs — edugation X milliary — socialf
—— 1700-17Es ___ art & enginearing — muel¢ humanitarian
__ . ta800-1B59 __ commaerce __..explorstion:seTilsment __._ philosophy — theater
A 1900 ____ communications — industry ___ politicagovernment transporiation
— Inwantion _%__ ather {specily)
. neronautical Hesearct
BpacHic dmies o 5-Fresent Builder Archltact uACEh cpace bxploration

Statament of Sighiflcance {in ons parsgragh}

The Amcs Unitacy Plan Wind Tunnel is significant because it represents the
continual developmeat of superiur technical aeronautical research facilicies
after the end of the Secund World War. These reseatch facilities formed the
foundation upon which the National Aeronautics and Space Administration would
draw in 1958 to launch the American effort to land a man on the moon.

Since the construction of the Variablie Density wind Tunnel at Langley in 1%2l

the Mational Advisory Committee on asronautics {NACA) had built an impressive
variety of techunical tesearch facilities upon which the American aircraft
industry was based. These technical facilities had enabled the American aircraft
industry to produce the airplaunes that dominated the skys in both comner ical

and military applications. By 1945 the American lead in this field seemed to

he evapocatiug. The technological achlevements of the Cerman missiles and jet .
aircraft indicated a lag in American seronauticzl research. To assume Cechno—
lonical Leadership, che Federal Government proposed a coordinated national plan
of tacility construction that would encompass ot only NACA, but the Air Force, .

industry, and universities as well. This plan, known as the Unitary Plan Act,
pagssed Congress on October 27, 1945, and resulted in the consktruction of an
L .tfire new series of wind tuanel complexzes Lo support the American Alrcraft

industry.5

The Ames Unitary Plan Wind Tunnel Complex was a product of this legislation.
Construction of the facility began 1n 1950-1951 and lasted wntil 1933. Because
no one wind tunnel could meet all of the demands for additional research faelli-
ties simulating the entire range of aircraft and missile flight, NACA chose Lo
build the Ames tuanel with three separate test sectione drawing power from 2
common centralized power plan. The transonic test section spanned 11 x 11

feet, while the two supersonic sections were smaller: 9 x 7 feet and 8 x 7
feat. Cilaut valves 20 feet in diameter supplied air from one supersenic leg to

atnother .

The American west coast aircraft industry quickly capitalized on the Ames

Unitary Plan Wind Tunnel Ccmplex. The famed Boeing fleet of commercial trans—

ports and the Douglas pC-8, DC-9, and DC-10 were all tested here. In addition

such milltary aircraft as the F-111 fighter , the C-5A transport and the Bl

bomber were tested. In addition te aircraft, in the 1960s and 19705 almost all

NASA manned space vehicles incleding the Space Shutile were tested in the Ames

Unitary Plan Wind tuanel complex.? .
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Footnotes

1. Much of the material in Section 7 and 8 of this report has been adapted from
Dopald V. Baals and William R. Corliss, Wind Tunnels of HASA (Washington,
D.C.: National Aeronautics and 5Space Administration, 1981), pr. 25-8.

2. Ibid., 25.

3. Ipid., 26,

4, George W. Gray, Fromtlers of Flight: The Story of NACA Hesearch {(New Yorlk:
Alfred A. Enopf, 1948). po. H2~-43.

5‘- Eaalﬁ, PP‘-I- 62_63'
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Oascribe the present and original (i known) physical appesarance

The Eight-Feot High Speed Tunnel 1s a single-return atmospheric Pressure Lunnel
with an B-foot diameter closed-throat test section, The tuanel hecame opera-
tional in 1936 and at that time had a maximue speed of Mach 0.75 driven by an
8,000-horsepower electric motor/fan.

The design of the Eight Foot High Speed Tunnel was complicated by two problems.!

The first problem involved the effect discovered in 1738 by the Swiss
marhematican Daniel Bernoulll who observed that as the veloclty of flow in a2
duct is increased by constvicting the cross sectional area, the static pPressure
of the fluid drops. 1In wind tunpel design, this means that the air presgure in
the chamber contajning the high-velocity test section will be lower than in the

rest of the tunnel, Thus, for the tunnel, the test chamber had to withstand a
power tul, inwardly directed pressure.?

Une methed to solve this problem would have been Eto construct a welded steel
pressure vessel arcund the test section. In an effort to solve the pressing
unemployment problem then existing as a result of the Depression, NACA engineers
decided to use locally available unskilled lsbor and build the entire tunnel of
reinforced concrete. 4an 1gloo-like structure around the test sections was

built with walls 1 foot thick. The igluo was essentially a low pressure
chamber——just the opposite of the VDT. Operating personnel in the igloo were
subjected Lo pressures that were the equivalent of 10,000 feet altitude and had
to wear Oxygen masks and enter through airlocks,?

The second new problem that was created had to do with the mechanical energy
that the 8,000-horsepower fan added to the airstream. NACA engineers calculated
that chis additional heat would cause the temperature within the tunnel to rise
ten degrees per second until it reached the stage at which the amount of heat
seeping through the roncrete walls would equal the input of heat from the faz,
Befare this would happen the temperature within the tunnel weuld reach several
thousand degrees,

The task of providing a cooling system was given to Eussell G. Robinson who
devised a ventilating tower that periodically allowed a small amcunt of heated
air to escape In exchange for fresh coel air. This system proved Lo be sucessful
and was accomplished with a less of only one percent of powser, This same
principle was iater applied to many other high speed tunnels.%

The Eight-Foot High 5peed Tunnel was repowered in 1945 to 16,00{0~horsepower.
By 1950 a slotted throat design was added to the test section that enabled the
tunnel to he gperated as a transonfc tummel. In 1953 the tunnel was repowered
to 25,000-horsepower to yield a speed of Mach 1.2, A schlieren apparatus was
also added to the test secticn of the tunnel te increase the capability for
visual flow studles.
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The Eight-Foot High Speed Tunmel was deactivated in 1956 and is now
abandonded in place, The original test section of the tunnel is vsed
for storage.
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gity, town Hoffett Field — vietnity of congraagional district
state Walifornia code U0 county Santa Clara code VTP
3. Classification
Category Dwnerghip Sixtus PFreseant Use
__. district _* pubtle — tetupied — mriculiure . MuSEUm
— building{a} ___ privam —__ unoccupkec — commercial e park
—X_ structure ——. both . WOrk in progress — Bducatiohal — private reldence
— mite Pubilec Acquisiion Accessible — entertainment e Palig s .
__ object ___ in process A_. yea: restricted _Z% genmrnmant X scimmific
-— belng considered —— yea urtrestricted — Induatriat —— transporation
— —— . milkary X other: Space
T L L O L L
4. Owner of Propertly
nare Cational Aercnaubics and Space Administratien (WASAL
sireas & numbar
city, town  Washington . wicinity o stata  D.C- 20346
5. Location of Legal Description
courthouse, ragistry of deeds, aic. Yational Aeronautics and Space hdministration (nAsSh)
street & pumbar  Hoal Property danagement 07 fice Code NXG
city, town  washington atate D-C- 20546
6. Representation in Existing Surveys
e o has ihis proparty been delermined eliglbie? _._yes ___ no
datm __ Wderal ___ state _._ counly __. lucal .
depasitory for survey records o L o .
Eity, lown state
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Rendezvous Docking Simulator
Hampton, ¥irglinila
NASA

1984
NASA, Langley Research Center Facilicies Office

Exterior view of wventilating tower
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Test Section

Observation window
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Motor -driven arc
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‘ ' St38HE:

Slot origin
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9 I? angle coupling

Center of
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rotation
Tast chamber

. Slotted region =160 ——

Source Characteristics of Nine Research Wind Tunnels of the Langley Aercnautical
Lahoratory (Wasnington, D.C.: National Advisory Committee for Aeronautics,
18571, p. 21,




Eight-Foot High Speed Tunnel

Hampton, Virginia

HaB4

1981

HASA, Langley Research Center Facilitles Office
Exterior View
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10. Geographical Data
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Yerbal boundary descriplion and justification

The boundary of the Spacecraft Prosulsion Sesearch Facility is defined by the outside
perimeter of Building 3211 at the Plum Brook Station of the Lewis Research Center.

List all states nrd countiss jor properiiss overlapping state or couniy boundaries
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12. State Historic Preservation Officer Certification
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Rocket Engine Test Facility

Cleveland, Chioc

NASA

1981

MASA, Lewls Research Center Facllities Office
Interior, exterior views and capablility
statement







MNAsA
C-81-371

Lewis Research Center ANSA

ROCKET ENGINE TEST FACILITY

o MULTI-PROPELLANT-LH3, LO5, N2Oy,
NoHy, RP-1

e DUAL TEST POSITIONS
—100 to 1000LES THRUST
—1500 to 50,000LBS THRUST

» CHAMBER PRESSUAE-— to 4000 PSIA
s CYCLIC TEST—200 TESTS PER DAY
¢ ROISE AND CHEMICAL TREATMENT

& INJECTOR TECHROLOGY FOR RL-10,
J-2 AND SSME
¢ 100,000 THRUST CHAMBER LIFE TESTS

* FIRST LOX COOLED ENGINE
& HYDROGEN COOLING TECHNOLOGY
o COMBUSTION STABILITY TECHNOLOGY

K.
e pan SN




Lewls HMesearch Center

Cleveland, Ohic

HASA, Lewls

1933

NASA, Lewls Research Center Facilities Difice
Aerlial Yiew
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Rocket Engine Test Facllity

Cleveland, Ohilo

NASA

1982

WASA, Lewls Research Center Facilitles Dffilce
Exterior View
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Bocket Engine Tept Facility

Cleveland, Chio

HASA

1978

MAiSA, Lewls Research Center Facilities Difice
Cutaway view of the facility




& UNITARY PLAN FACILITY
. 6a. 11-BY H-FﬂﬁT TRANSONIC WIND TUNNEL

6b. -8Y 7-FOOT SUPERSONIC WIND TUNNEL

6c. 8-BY 7-FOOT SUPERSONIC WIND TUNNEL
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Man in Sgace Theme Study

;:’;1"'“'“ - Tedaral Afoncy Hominaiion

United States Department of the Interior

Mational Park Service  For NPS uss only
National Register of Historic Places received
Inventory—Nomination Form date emtered

See insiructions in How to Complate Mational Register Forms
Type ail entries—complete applicable sections

1. Name

hlstoric Hodntone Tegh Stand

andigr common  [ntarim Test Itand

2. Location

streat & number meorago O, Marshall Scace Flight Center ——_ nal for pubtication
cily. lown  wntuville —__ vicinity of congressional district
n1ab s ol tladison oud
state  LATAME coce county code
- g -

3. Classification
Catagory Ownearahip Slatus Present Use .
—__ district _* public —_ occupied — agricustura 2 museum
——. bBlilding(s] _— private —— unotouphed — commerclal —— park
—L_ strugture ____btoth — worK in progress —— sducational —____ priWam resxidence
L site Publlic Acqulisition Accesalble — entertalnmen) — religious
___ object ___In process I yes: restricted — . govemmant —— sciemltic

- being considered —_ yes: unrestricted — induatrial — ransportalicn

e nn _ mi"'l.l'l"jf _.-\_‘—K\..- ather: AR

4. Owner of Property

name naticnal Rerokautios and Space Administeation [WASA)

street & number

gity, town  washingbcn — vicinity of state D-C. 20946

5. Location of Legal Description

courthouse, registry of desds, atg,  Hav Lonal Acronaucics and Space hdministration (JASAI

sireet & pumper FeA! Pronerty Hooanoment QffFice Code WG

i -
Liy. town Wanli eI Lo o.o.  ZDNaR

6. Representation in Existing Surveys

ke Sarticnzl Moglstor Indentory

nas ihis propeny been determined eligible? _x,_ yea ____ho

dute vay L, L9Ve

¥
— ledaral __ staww ___county _—_ local

I:i_E_Fc__rs_it_:r-p for survey recards

'.Ey: ln_ Wt stats




7. Description

Deacribe the prasent and original (If knawn) physical sppasrance

Condition Check one Chechk ane

i sxcellent —.. deteriorated % unaltered _%_ original sita

—— good — ruins — allgred — moved date -
- Tair — unexpgeed

The Redstone test stand is a steel frame structure made from salvaged marerials.
The stand is 75 feet tall and 33 by 22 feer at its base. There is an externsl
stair 2nd two working platforms, An asbestos-sided gable roofed shed is found
at the top ol the structure.

The blockhouse far the test stand was used for observacions and for recelving
telemcetered data during cie tests. The blockhouse is comstructed irom three
surplus chemical steel tanks covered by 3 wound of dirt. There are metal doors
o the east side of the blockhouse, observation windows, and a roof observation
post. The three tanks cuntain 1,500 square feet of usable space for the test
engineers, The initial construction cost of the Hedstonme test stand Iin 1953
was 525,000, The Redstone test stand is in excellent physical condition.l




8. Significance

Pariod Areas of Blgnificance—Check and justiy below
prehistoric .. archeology-prehistoric ____ community pfannicg  __ __ landscape architecture relighon
1400-14%% ____ archenlogy-historic . conservation . law __ aclence
_ _ 1s00-15590  _ Agrlculture . GCOMOMICE —— litereture . sculpture
__ 16D0~1699 ___ architecture ___ education _¥_ milhary __ sociali
___1700-1729 ___an _*_ engineering . mustc humanilsrian
13001899 _____ commerce _ wexploratlon/setilement philcsophy — theaar
—i 1900- o COMMUNICEtiONS —— Industry ___ poiltics'government .. transportathon
.. inyention X tiher [specily)

Space Erxuloratiocn

Bpeciiic dates 1595314901 Bulldar Architect U.5. Army

Statemaent of Significance (in one paragragh}

The Hedstone test stand is the oldest static firing facility at the Marshall
Space Flight Center. IE was constructed by the (rdnance Guided Missile Center
ar Redstone Arsenal and was transferted to NASA in 1960. It was the first test
stand in the United States bto accommodate the entire launch vehicle for stacic
tests {(previous test stands in this country had accommnodated the engine only)
and was an important facility in develeping the Jupliter C and the HMercury-
Redstone wehicles that launched the first American satellite and the first

Amer ican manned spaceflight. The rtest stand was also used to develoep the
“mantrated” lauwnch prucedures vital to manned space flights and the acceptance
tiring eriteria which were made in launch pneumatics, Lhrust measurement ,
propellant fuel procedurzs, and launch ignition procedures during varlous Lests
at this facility.

The basic Redstone missile for which the stand was a major test site hagd its
arigin in 1954 when the Ordnance Guided Missile Center began study of a 3UU-
mile-range rocket., The Redstone medium range ballistic missile that evolved
fraom 4 five-vear research and development progTram was 70 inches in diameter and
69 fect loug. Its power was rated at 73,000 pounds thrust.

Frum this test program, otber versions of the Redstone evelved, including the
Jupiter © and the Mercury/Redstone,

““ihe Jupiter C was the basis for a detailed praposal for am orbizing earth
satellite. This proposal designated "a Minimum Satellite Vehicle Based Upon
Components Available From Missile Development gf the Army Ordnance Corps, was
prepared in 1955, It stated that the Army could launch a satellite wichin a
short time using hardware then available.

sftur the USSR opened the szpace age, in October 1957, by orbiting Sputaik 1,
the Army Redstone team led by Or. Wernexr vou Braun wWas directed to attempt

a satollite launch. The feat was accomplished on Japuary 31, 1958, by adding a
simizle solid rocket motor as 3 fourth stage to the Jupiter € and attaching 4
_mientific pavlead ar its forward end.

WASA Teguested ten Redstones for its first manned program, Mercury. ¥For Mercury,
the HRedstone propallant tank was lengthened by 6 feet (same as the Jupiter ¢

and the standard Redstone engine thrust was increased to 78,000 pounds CLhrust.
This vehicle became kaown as Mercury/Redstome, and nine of them were tested in
‘. padstone test stand. Two of the Mercuryf/Redstone vehicles were gventually
uwsod Lo carry men iato sSpace. By that time, the space program had grown, and
more sophisticated Lest sites were necessary.



MPS Formm 1050
17811

United States Department of the Interior

Mational Park Service ?NIHPSMMH!
National Register of Historic Places recakroc
Inventory—Nomination Form dawe entered
Continuation sheel Item number B Page o

The site was phazed out of the active test program in 1961 and all usable
equipnent temoved.?

The Redstore test stand was listed on the Wational Register of Historic Places
as being nationally significant in 1976. It was alsc designated as an Alabama
historic engincering landmark in 1979,




NPE Form 10-800-0
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United States Department of the Interior : :
For NPS. uso only

| ‘tinnal Park Service
Wational Register of Historic Places received

inventory—Nomination Form date enterad
Carmtinuation shesdt Ilam rnumber 7, 8 Page 1
Footnotes

ma with the George

. bDraft Historic Properties Report Redstone Arsepnal, Alaba
Building Technology

C. Marshall Space Flight Center (Silver Spring, Meryland:
' Iocorported, 1983), p. 34.

Denver

7. Harry Butowsky et. al., Man in Space Reconnaissance Survey (Denver:
cervice Center National Park Service, 1981}, pp. G0-61.
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Yerbal boundary description and justdlcation

Fos hosmtary of the Bedsione Teost Site is defined by fhe black ¢ircle on Ehe
acoompanying mar ontinled "Marsiall Spece Ylight Center, Alabama, Facilities
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List all staies and counties for properiiss overlapping stale or county boundaries
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11. Form Prepared By
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organization et ional Park Service date  May 13, 104

street & number Uivision of Hisrtory telephone (292)343-8164

Cliy OF tOWD  yiooniocrgn, 0.0, 20240 state

12. State Historic Preservation Officer Certification

The evalusted slgniflcance of this property within the slaje is:

__—. natlonal ____slatm lacal

Az the gaslgnated State Histarie rres2ryation DHlcer 10r the Natlonal Historic Preservation Act of 1965 (Public Law 85—
&35}, ! hereby nominate this propeny far Inclusion in the National Register and cenfy that it has been evalualed
acrarding to the criteria and proceduras set tarth by e National Park Service.

Copo . mogig Praservation | Dﬁ'lcer 5|gnaturi:

hti date

For NPS useonky
i nereory ceriity that this property is Included in the Mationat Aegister

date

Keepir of the Naticnal Register
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Redstone Test Stand
Hunstville, Alabama
HASBA

1954
KASA, Marshall Space Flight Center Facilities Office

Historic Redstone Test Stand Site Sign
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Redstone Test Stand

Huntsyille, Alabama

HASA

1984

HASA, Msrshall Space Flight Center Facilities Office
Redstone Test Stand Havker







Redarone Test Stand

Huntevilie, Alabama

HASA

1961

NASA, Marshall Space Flight Center Facliliries Office
Exterlor View
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Redstone Test Stand

Huntsville, Alzabama

HABA

1984

NASA, Marshall Space Flight Center Facilities Office
Exterior View







Blockhouse for the Redstone Test Stand
Hunteville, Alabama
HASA

1984
WASA, Marshall Space Flight Center Facilitles Office

Extericr View of Bleckhouse
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Prapulsion and Structural Test Facility
Huntsville, Alabama

[

NASA, Marshall Space Flight Centet Facilities Office
Acrial View of MSFC Shuttle Test Facilities
showing location of Propuision and Structural Test
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Propulsicn and Structural Test Facility

tunktsville, Alabama

BASA

19440

HASA, Marshall Space Flight Center VFacilities Office
Exterior Yiew prior to transfer of facility to WASA







Propulsion and Structural Test Faclility
Huntsville, Alabama
NASA

1946
NASA, Marghall Space Flight Centsr Facilities Dffice

$-1C FPropulsion System Fivring ’
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Propulsion and Structural Test Facility

Huntsville, Alabama

HASA

1971

NASA, Marshall Space Flight Center Farilities Office
Exterior View
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Propulsion and Structural Test Facility

Hunsrville, Alabama

NASA

1984

Ni8A, Marshall Space Flight Center Facllicies 0ffice
Exterior View of West Side of Faclliry used for
Solid Rocket Booster TesCing







W L b
N

Propulsion and Structural Test Facility
Huntsville, Alabama

HASA

1954

NASA, Marsghall Space Flight Center Facilitfes
Office

Intericor View of Solid Reocket Booster Structural
Testing







Fropulsiom and Structural Test Faciltity

Huntsville, Alabama

KASA

1984

NASA, Marshall Space Flight Center Facilities Dffice
Exterlor view of Bast Test position with Saturn Stage
in foreground
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:?HF“ 15420 Federal Agen:sy HJominatlon

United States Department of the Interior
Netlonal Park Sarvice

‘dational Register of Historic Places

inventory—Nomination Form

See instrucilans in How to Complate National Register Forms
Type all entriss—caompleie applicabla sacticns

For NP3 use onty

datn ermtenac

1. Name

histaric Eocket ptropqalsion Test Coooclex n=1l/A-2, B-1s0-2

and’or common A—-LsR-2, B=1/B-2 Test Stands

2. Location

#lreet & numibar WITinndl Apano ‘j‘m.'h:_‘f:-lc:-gy Laboratories _{‘}_IST:_.,'l

not ior publicatin

city, town  2Y Sto Lodgis —— vicinity of cangressional distrlet

stala Mississinni coce 25 county Hancock coda 045

3. Classification

Category Ownership Status Prasent Use

_X district 2 publlc —— accupied —— dgricuituce . PUBEUM

_.. buyilding{s; ___ private e UNDECupled ~— . commarclal — park

2 structurs —— Boln —— work I progress — kducationat — private residwnca

—_— A Pubilc Acgqulnitian Accanyibie —— mnterpinment —— meliglous

___ ohjact —_ in procens _E wen! rastricted - gevarnment ——__ acinntific

—— Dtting consicered — yid: unrestricted —— Industrial —1 trsmaportaticn

___ha — military ~& other; Shace

4. Owner of Property

Lxnlora tan

name oatlional heraonautics and Spdce Administration {HAHBA)

sireel & number

Lachingron

ciby, town — vicinity of

.qtate D.C. 20346

5. Location of Legal Descri_ption

courthouse, regiatry of deeds, etc, Nuational heronautics and Space Administration (HASA)

street & number Foal Provorbty SManagene:st Dffice Code NXG

city, town Washinglaon

atale DL, 204G4da

6. Representation in Existing Surveys

title e has this proparty bean dewermined eligible? ___yes o

Jale .

—— State __ county . __. local

Seposiiory for survey records

city, town

almie




7. Description

Condilon Check onw Chack one

_%  axcailant — deteriorated . unailered _%_ ariglnal site

- Qoond —— . Tuing = allersd - Moved date —_
— . falr — unexpoSed

Describa the present and original {if known} physical appesrance

"B" Tesr Complex

The Rocket Propulsion Test Complex ("8" Test Complex) was consrructed in 1965
t¢ support static testing of the 5-1C stage of the Saturn ¥V rocker, The Etest
stand is a dual positlon stand 4017 feet tall and is constructed from steel and
concrebe. The rTest stand rests on 1600 steel pllings each Y8 feet long.
During test firings the 5~1C stage was secured by four huge haold-down arms
anchored t¢ a slab of conceete 39 feet thick. The restraining arms clamped
onto the rocket Lail by means of a drive mechanism geared to move only 3 inches
PEC minute.

In additien tu the test stand, the B Test Complex consists of a Test Contral
enter, and the reguired technical facilities (water, electrical, high pressure
gas, propellant systems, etc.) &s well ag the associated grouwnd support eguipment
necessary to control and fire cthe caprive stage.

The test srand is nomiaally rated for static testing stages wich uwp to 7,500,000
poungs of thrust, One side of the test stand has been modified to accommodate
the tescing of the space shuttle main propulsicn system elemencts (the engines,
the External Tank, and 2 simulated Qrbiter wich flipght propulsion systems).

A well=equipped machine shop is in the west tagt pier. The chop hag a limitred
wanefacturing capahility vused in the support of various englne ov stage testing
and ground support eguipment.

The Test Control Center (TCC)} housas ths equipment and peopls requlred to econtrol,
ghsgerve, supervise, and moniter the operation f the test complex, The TGO is
2lsc a position from which technical observers can view test firlogs and which
provides 3 blastproof locarion for rest stand personnel who bave varated the
stand during test firings. The TOC is capable of supporting addiclonal stage
andfor engine test stands.

The High-Pressure Cas System fnecludes 2 gas battery of ailr, nitrogenm, and
helium. The propellant system includes a 300 ,000-gallon ready storage tank and
docking and travsfer facilities for the liquid propellant barges.?

"A" Test Complex

The "4&" Test Complex coneists of twe single-positien test stands, desipgnated

A4=1 and A2, a2 Test Coutrol Cencer (TCC), obeervation bunkers, techalcal systems
{such as high-pressure gas systems, water, electrical, etec.), as well as all
agsgociated ground service equipment necessary to control and fire engines or
stapges iuvolved.




MPS Foom 1d0-900-a
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United States Department of the Interior

MNational Park Service Fuum use anly
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Inventory-—Nomination Form dats entered

Continuation sheet tem number K Page 2

Each stand is capable of static Firing a stage up to 33 feet in diamecer and &%
feet long. Stages of greater or smaller diameter and lengbh can be tested by
using an adapter system of modifying the stand. These stands were designed for
1,000,000 pounds of thrust although they have a capability to 1,700,000 pouads.
The stand prepellant systems include liguid oxygen and liquid hydrogen.

The TCC perfurms the same functions as the "B” TCC. It 16 alse capable of
supporting additional test stands without modifying the physical facilities.

The high-pressure gas bartery cuntains air, helium, and nitrogen. Therc is a
separdte gas battery for rthe hydropen system,

The "A" Test Complex now supports enging testing for the Space Shuttle program.



8. Significance

Perdod Arsaxs of Significance—Check and justify helow _ -

_...prehistoric  ___ archealogy-prehistoric community planning _— landscape architecture . reli}gu:n‘..

___ 14001499 ___ archeology-historic - _ conservatlan - I?w - sc.erm:e.

__ 15001598 _ _ agriculture - —— BCOnomics: — literature ——— sc“ff_’_" 3

__ 16001698  ___ architecture —__ education —— mungry I *. T AN o

. 170n-1759 ___ ar i englnegring — WSIC huragi. ' 5
18001399 . commerce ___ exploration:settiement ___ philosophy — theater )

_".'_ Ya00- communicationg — indusiry . paltics-government % transporiation

T o invention _% - ather {specily}

- Sprmey Bapierst a0
;n-ciﬂc dates L3SV ecsont Baitder Architect ASLA L N )

Bistemant of 3ignilicance {in one paragraph)

The Natilonal Hpoace Teennology Laboratories was established in the carly 190
As [he n4atiunal rocker test range for [light cectifving large rockert propelsisa
sysCems. The Rocnet Propulsion Test Complex ("B Test Complex and the A" Test
Cowplex) wers botit Built in 19895 fo support this geal. The "B” Test Complex
supported all ground testing For bl 5-10 stage of the Saturn ¥ rocket and che
"a’ Test Coaplex performed all svound testing [or the 5-1L stage of the Saturn
Yorockel.

The Satura ¥ rocmel was one of the wmost relilable rockets ever bullt for the

f§pace proe2ram and was crueial to the effort to land a man ea the moon.  The

gurtceds af Ehe Satwuen Vo Wwas dependent upsn extenslve groend testing nf the

weaiole.  dmee Che Saturn ¥ bifted off cthe pad there was no turning hack for

tepadirs, [is puwered flighr was hriet but critical. The economies of rocketry

a1d th phyaicar 2afety of Ehe sgiverants demanded that the rogker wark perfentiv,

This wag the vurpose 2f The Reker Provulsion Test Faclligy, .

Duis racility was the prioary site for conducting reseacch, development and
cebfLilivcanion Essting on non-flight engines to lmprove and upgrade Rasic engiae
desipgn, «@mi dccwptance Eestine of £flight engines, ¥o Saturn V was shipped to

the Hentedv Space Lonter uatil its eangines were Fully tested and certified. Anv
rraalem capahle of causing 4 Tailure in thoe vehicle was discovered and coreecCed
bofuare the azteal lauinch. The Hocket Propulsfon Test Complex was the critical
final step wn certifyving the flrst stage of the Saturn V rockei for flight.
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Fooinoles

1. Boger E, Bilstein, Stages to Saturn: A4 Technological History of the
4pollo/Baturn Lapnch Vehlcles (Washington, D.C.: Nationzl Aetonautics
and Space Administration, 1980), pa 207,

WSTL Facilities Master Plan (Washington, D.C.: Wational Aercnanfics
and Space Adminfistration, 1979}, p. 36.

2. N5TL Facilities MasLer Plapn, p. 56.
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Bilstein, Koger E. Stages to Saturn: 4 Technological Histery of the Apolle/
Saturn Launch Vehigcles, Washington, D.C.: Hatlonal Aeromnantics and Space
Administration, 1980,

Brooks, Courtney G., Grimwood, James M., and Swensorn, Loyd 3. Chariots for
Apollo: A History of Manned Lunar Spacecraft. Washington, D.C.: National
aeronautics and Space Administration, 1979.

Discovering...Space-Oceans—Earth, NSTL, Mississippi: WNational Spuce Technclony
laboratoerfes. Ne Date,.

Master Plan NSIL ¥agjlities. Washington, D.C.: HNatiomal Aeronautics anu
Space Administration, 1984, .

Technical Fucilities Cataleg Vol. 111. Washingten, D.C.: National Aerorautics
and Space Administracion, 1974,
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The boundary of the Rouket Prapulsion Test Complex is defined by the cutside
povimebers of vuilding 4220, £122, and 4120 at the Yational Space Technolomy lahorartsoy.
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12. State Historic Preservation OHicer Certification

The evalumed significance of this property within e state Is;

— national _ - --stale —__lpeal

£% the designated Siala Histarkc Pracarvation Ofiicer tar the National Historic Presarvation Act of 1966 (Public Law -1
665}, + hereby nominate this praperty for inclusion in the Natlanal Register and cerlify that it has been evaiuated
accarding t the cnieria and procedures set fa1h by ihe National Park Sesvice.

Tite westonie Pragervation Ofticer signature _ L

itle date
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N date
#e=per of the Mational Pugister

_ rhiest:
Chiat of Reoistration




50110}

Y SR

VIV 37
1

gloge

HIOW

LU

[ ]

}

1 ABojouyoal adeds jruolieN

SN0 LS Bt

SEHRA Ay L e S

UIgE NG« u\% __..“_."_ APV
TRiE t :

HE R

"




062 10€E /0TS [8/0T
7rly CUTPTIDG "2V
xa]duoy 31588) un s o 3EAFT

1

[ERCE T

..—.\..1
P e

L

OrELogs /0Lo08/91 Vi,

r r prlp BuTPITY "IV [

OBEZEE/0L0TS DT @ %ﬂ. xaTduey 350l moTsTdog 1o¥20y "

pzetduipring ‘7-A/1-4 N e T . . L ) ;
xapdlon 3saf uelsndarg 324004 i ! Lot B 2 : n.f
. . LE L] - _m ._. ] .»\.. -...

| T dVVYSIN - T,

[ — ._. " ,..._r __.
s " & . 1 - _........4..'.. _rU

b 7 _ % [ T _ )
-z,w\_ : ﬂ "

e B e e T
S

. sanoeoqey Abojouysal Qw [ELIEN




ol
S
. ]

ar

A

I

R EAY g

[

11 0e0 by |

UNITED STATES

% DEPARTMENT OF THE INTERIOR

GEDLOGICAL SURYVEY
i g

g Rocket Propulsion
a-1
UTH Bgferences:
La 00T 30 LA4D

Test Complex

e

!]5!]:' B

1

1
T E
:ﬁ"::::.:'.::::_x =

Y

Rocket Fropulsiom Test Complex
B=1/B-1

UTM Reflerences:

16/252070/ 3362280

IR S

- FACTRITY

L
L
)
...
-
™
T

Rocket
il

ITi¥ Referencas:
156/251330/ 3361790

Propulsion

Test Complex

S . .
- . —_—
.
i i —_ = ' -
oy
.
T
-
T e T d “rr
.
; .
L
el
.
i
“ig E L
1
.
P
i

.

ToMtawsng Well -

AT

Ry







2.
3.
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Rocket Propulsion Test Complex p-1fB8-2
Bay 5t. Louls, Mississippl

Marshall Space Flight Center Facilities GQffice
Aerial Yiew of B-1/B~2 Test Stand







Rocket Propulsion Test Complex B-1/8-2
Bay St. Louis, Mississippl

HASA

1966

HSTL Facilities Office

First Stage of Saturn ¥ being holsted
into cest stand







Focket Propulsion Test Complex B-1/B-2
Bay St. Louls, Mississippi

NASA

1967

NSTL Facilities Qffice

Test of Saturn V lst stage booster







Kocket Propulsion Test Complex B-1/8-2

Bay 5t. Louls, Missiesippil

MASA

19?7

N3TL Facllities Offlce

External Tank of 5pace Shuttle being hoisted inte
test stand
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Rockot Propulsion Test Complex A-l
Bay 5t. Louis, Miszissippi

NASA

1971

NSTL Facilities Office

Exterior View of A-1 Test Stand







zocket Propulslon Test Complex A-1
Bay 5t. Louls, Mlssisedppl
HASA

1967
HASA, Marshall Space Flight Center Facilities Office

A-1 Test Stand with Saturno ¥ 5-11 stage in place
ready for firing.
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Focket Propulsieon Test Complec A-2

RBay 5t., Louis, Misslssippi

NASA

1966

NSTL Facilities Office

Installation of S-11 stage of Saturn V Rocket in
a-2? Test Stand







Rocket Propulsion Test Complec

Bay St. Louis, Mississippi

NASA

1973

NASA, Marshall Space Flight Centier Facilities OQffice
perial View of A-2 Test Stand
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ROCKET TEST FACILITLES

Sarurn ¥ Dynamic Test Stand (Marshall)







¥Man in Space Theme Study

WPA Fomm 10:900 Federal hgency Nomination
e

United States Department of the Interior

National Park Service T FWPSueonly
National Register of Historic Places racaived
Inventory-—-Nomination Form date ontared

See instructions in How to Complete National Register Forms
Type al! entrias—gompiete applicable sections

1. Name

hiatorlc Saburn ¥V Dynamic Test Stand

and’or COMMEn  [nonae:c i rgctural Test Facility

2. Location

streat B NUMber Geordgre O, Marshall Space Flight Center ___ not for publication
elty, town 114" tuvizle — viginily of congreasional dlstrict
slate Alabama code ol counly Hadison cods 0BG
|| - -

3. Classification
Calagory Qwnership Status PFrasent Use
—_ digtrict R aubhe —__ uccupied —— agriculiure — ruseum
. builditg{s) — prvais — unoccuphsd — commercial — parik
A structure  _ both e work In progress . — sducailonal — priveta residencs
___ wita Public Acquisition Accasalbls — eniartaingment —m Meilghous
— objecl — n process — ¥ yen: restHcied — government — acinntific

____ haimg considered — yes: unrasiricted — industrial —— lransportavon

— na — mildary _3& opther: Inactlve

4. Owner of Property
nare Nationsl Asronantics and Space Administration [OASA)
street & number
city, towrn HWansainoton wiginity ot state .C. 20546

5. Location of Legal Description

eourthause, registry of deeds, elc. wational Acrcnautics and Space Administration [NASA)

street & number Foal Provetrty Managenent DEfice Code XS

city, town  Fashinghon glate D.C. 203546
6. Representation in Existing Surveys

hpe HESEOTic Properties Gesort {Draft}

has this property baen detarmined eligible? __yes __ no

Juzly 1980 : '
date =Y _% federal ___ siate ___courdy ___ (ocal

depasitory for survey records - 5- Army Redstone Arsenal

c_].i town lunlsville o siate alaama




7. Description

Condition " Chack ana Chack one

_% excellant ___ deterigrated ___ unaltered _%_ariginal sits
— pond — ruing _* alersd — moved date
___fnir — unexposad

Dwasribe tha presant and original [If known) phyzical sppearance

The Dynamic Structural Test Facility was built in 1964 to conduct mechanical and
vibrational tests on the fully asgembled Saturn ¥V rocket. The facility is 360
Feet high and 122 feet by 98 feer at the base. It has ¢ maxioun center bay =ize
wt 74 [eet by 74 feef, has a main derrick at the top of the structure capable of
handling 200 tons at a 70 foot radius. The facility is connected by a cable
tunnel to the East Test Area which provides instrumentation for testing. 4An
clevator provides access to 15 of the 16 levels.

when in wse the test vehicle rests on hydrodynamic supports which provide a
gaximum of & degrees of freedom of movement which is required when large space
vehicles are dynamicaily tested. Vibration loads can be induced in the pitech,
yaw, or longitudinal axis to obtain resonance frequencies and bending medes.
Vertical matiug procedures between stages can also be iovestigated and checked
LT .

After romplecion of testing for the Saturn ¥ program the Dynamic Structural
Test Fucility was modified for testing the Space Shuttle. AL the present time
this facillty {5 on a standby basis, but because of its uaique capabilities to
dynacically Cest large space vehicles, it will be retained for use im future
HASA programs. '




8. Significance

ol Arean of SignHicance—Lheck and jJusitty below

___ pmhistordc ____ archeclogy-prehlstoric ... community planning Inndacape archiiacture, . raliglon

—__14D0—1488 ___ archeclogy-historlc ____ consarvailon . e )

15001599 ___ agricutture —— EEOROM S — |terature — sculpture

—__1500-16§9% __ architeciura — wducailon . liYary T

e 17001798 __ arl A sngineering — musk humaniiarlan

__. . 18001899 ___ commerce __ sxplorplion/settiement __ philosophy —_—

—E 1900~ —— communicatians —— Indusiry — politic‘governmant X trensporistion
. invention X oty (apecity)

npane Exploration

Spaciic datas 1964-Prasent

Bulldar'Architest MNASA

Statamani of Bigniflcancs {n ane paragraph)

The Dyoamic Structural Teet Facility 1e significant kecause of Lts connection
with the testing and develuopment of the Saturn ¥ rocket.

The Satucn ¥V rocket was onz of the most reliabla rockets ever built. Upon its
success depended Lhe fare of the Apolle program and che Skylab program. The
guceess of the Saturn ¥V was hecause of two factors: (1) the stringent reliabilicy
and quality assurance programs developed to eversee rfhe manufacture of the

Saturn ¥V, aad {2) extoustive ground teating.

The ground Lesting program was crucial to the suscess of the Satwrn V. Once
lavnched a Saturn ¥ could never be recovered for teskting. Any flaw in the
vehicle cauld result in the loss of the vehlcle and the loss of the lives of
the astronauis riding the Apollo Command Medole,

The Saturn ¥ Lad Lo work and perform ics joh successfully every time. There
was v matpio fur error. Due to this fact as much as 50 percent of the total

eFfore and money in the Saturn ¥ program was devokbed to ground testing the
vehicie, Every comporent of the vehicle was tested agalan and again separately
and in pactial and full assembly.

Ting Pynoamic Stcuctural Test Facllity at Marshall represented the last step in
this resting process before a Saturn v was accepted for full flight status.
Dace .11 af rhe componenta were accepted and tested the Sacurn V was assembled
and brocghit to the Dynamie Structurai Test Facllity te test the entire vehicle

uitder dypamle load condltions.

Mechanical and vibrational tests om the fiight

vehtele and ow svparate [light coafigurations were conducted uyntil the data
indicatbed that the S5atucrn V was clean and ready for f£light status. Testing
vonducted in this facility permitted NASA and industry engineers thelr last
¢hance to decect and correct any problems or flaws in the fully assembled
tlighe vehicle, The succezs of the Sacturn V¥ program and cthe fact that no
Satutn ¥V ever failed fn £light is indicative of the contribution of this
facility. Major problems capable of causing a failure of the vehicle were
dizcovered and corrected before the Saturn ¥V ever reached Launch Complex 39 at
thy Zonnedy Zpace Center. When the Apolle 11 moen flight lifced off the pad in
July 1369 the sstonauts and KASA were confident that the Saturn ¥ would complete
its Job and laoich the Command and Lunar Landing Module into a safe mooun-bound

CFajecLory.




NAE Form 1o

T

United States Doapartment of the Interior
Neational Park Service

National Register of Historic Places .
inventory—Nomination Form

Corrtinuation sheed fam numiber

Bibliopgraphy

Bilsrein, Eoger B. Stages to Saturn: A Techmological History af the Apollo/Saturn
Launch Vehicles., Washington, D.C.: MNatlonal Aeronautics and Space pdministration,
13840,

Brouks, Courtney 6., Grioweed, Jsmes M. and Swenson, Loyd 5. Chariots for Apelle:
A iistory of Manned Lunar Spacecraft. Washington, D.C.: National Aeronautics and
Space Administfration, [979.

Mrast Historic Properties Report: Hedstone érsenal, hlabama with the George C.
Marshall Space Flight Ceanter. Silver Spring, Haryland: Building Technolegy
Incorporated, 193%.

Master Flam Ceurge C. Marshall Space Flight Center. Washingten, D.C.: National
Aeronautics and Space Administeatlon, 1980,

Technical Facilities Catalog Vol. 111. Washingtonm, B.C.: HNational Aeronautics

and Space Administration, [974. .




9. Major Bibliographical References

Fge cantinuation sheats

10. Geographical Data

Acreage of nominated property __Le3s thap L acrp

Quaedrangle tame _“Lodisgee L Quadrangle scale 1:;24,0090
UMT Aeferences
A . .. ) B!
|1_L] Li[_fl_JLﬂ_E_ﬂ] Lipslapfe s el l_.l_J { 1 1 1-| | | I Ll l L] |
Zane  Easiing Herthing Zone  Easting Horthing

| Ly bl i ol | | N S
b b ] | Fl, )| | |1l 1|l
| | I|

llll_l ] H| 5 ]

Ellll

el o1y ly
|
I

| 1 J 1 l

Gl | Q] L
’d‘irhll hﬂuﬂdlﬂ dtlcriptian ared justification
inm nondary of the Fatern VO Dynamic Test Stand is defined by the ocutside

wen Foetor of Balldinyg 1330 at the Harshall Space Plight Contor.

List all states and countiax for propertiss overlapping staie or county boundarias

state code county code

.mta candie county code

11. Form Prepared By
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i i2. State Historic Preservation Officer Certification

The evaluated sigrittcance of thia property within the atate is:
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Szturn ¥ bBypamic Tesk Stand

Huntsville, hlabama

HASA

1574

HASA, Marshell Space Flight Center Facllities 0ffice
Aerial View of the East Test Area of the HSFC.
Saturn ¥ Dynaamic Test Stand (Shuttle Dynamic Test
Srand) is in the upper left hand corner.
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Saturn V Dvnamic Test Stand

Huntsville, Alabama

HASA

1966

HASA, Marshall Space Flight Center Facilities Office
Exterdor view of Saturn ¥ Dynamic Test Stand wich
5=11 scage in place,.







Saturn ¥ Dynamic Test Stand

Huntsville, Alabama

NAGA

1576

NASA, Marshall Space Flipht Center Facilities Office
Exterlor view of Saturn ¥ Dynamic Test Stand in
ptocess of being modified for Shuttle use,
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Saturn V Dynamic Test Stand

Huntsville, Alsbama

HNAGA

1980

HASA, Marshall Space Flight Facilities Dffice
Externzl view cshowing Space Shuttle being hoisted
inte Test 3tand.







Saturn ¥ Dynamic Test Stand

Hunteville, Alabains

HASA

1977

NASA, Marshall Space Flight Center Facilities Office
Interior view of Test Stand







Saturn ¥ Dynamic Test Stand
Huntsville, Alabama
NASA

1578
NASA, Marshall Space Flight Center Facllitles gffice

Interior view with Space Shuttle 1n place
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BOCKETS

Saturn ¥V Space Vehicle {Alabama Space
and Rocket Center)
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N ational Park Service
ational Register of Historic Places
Inventory—Nomination Form

Sew instructions in How to Complete National Register Forms
Type ail entrles—complete applicabie sections

LT

For MPA ube only

date emaomsd

i. Name

hiatoric Sasurs W Hpage Vehiole

angior comman  Saburn Vo Space VWehicle

2. Location

strest & number  Tranquility Base

____ not for publicatlon

city, town  iluntuville — vicinity of oungres_shlnnal district .
state  2lapama code 01 county Madison code oo
3. Classification
Catsgory Ownershig Status Prirsartl Usa
___ district X public — occupied . agricultare L mugeum
__ building(s) .—— private _Y | unoceupled —— commerciai __ park
x structure — bath e WOTH [N prograss —— aducational - private resldence
| — site Public Acquisition Accesslible ___. anlaralnement — religicus
.. ebjecl — In procesa _M yen: restricted - government _ sclentihc
___ being congidared —— yus: unrastriched — industrial ——_ tranaportation
—no — milhary — other;

4. Owner of Property

4

(On extended loan to Alahama

name Sational airx and Space Huseun, Smithsonian Institution

gpace and kocket Center)

street & number

cify. town Washington — viciniby of

atate ©D_C.

5. Location of Legal Description

caurhouse, registry of deeds, mic.  ifice of tne Judge Probate

street & number Madlson Lounty Courthouss

: Dy, tgan Simtsville

glate Aalabana

3. Representation in Existing Surveys

. dational Heolister Invenilory
L} g =

has this properly been determined eligible? _¥_yes . no

15977

| . u_.HlE'

— lederal

X

~  state . _ county . local

| depnsitory tor survey regords  National

WaShluGlen

Zavk Servi_-_::_e, Interadency Resources DiTision

slate [0,

‘ clty, town



| 7. Description -

Condition Check one Chack one

_*% axcellont __ deterigrated X unalterad ___ original sila

—_ good ... RUINS —. alkerad — moved date S S
____tair —__ unexpoxed

Dascriba the prasent and original (if known) physical apgearance

The Saturn ¥ Space Vehicle is in the Rocket Park of the Alabama Space and
Rucket Center and consists of three tank—type propellant stages and payload.
The vehlele is exhibited horizontally, one stage on a trailer, others on
cradies,

Priwaty naterials: aluminum alleys, staloless steel and titanium.

Length: 365 feet.

Weight: §,200,000 pounds.

Firgt Stage: 33 feet dlameter by 138 feet) Tive F-1 engines.
Assembled by Marshall Space Flight Center and Boeing Alreraft Corporatien

Second Stage: 33 feet diameter by 81 feet; five J-2 engines.
pssembled by North American Rockwell.

Third Stage: 22 feet dlameter by 59 feet; 1 J-2 engine.
Azsenbled by McDonnell-Douglas.

Pay Load: {1} 4polle Comnmand Module ~ cone-shaped, 10 feet 7 Inches high,
12 feet 12 luches diametetr

| Hlabitable wolume — 210 cubic feer,
| Weight — 13,000 pounds.

{2) GService Module: Cylinder—shaped, 22 feet 7 inches high,
12 feet 1 inches diameter.
Weight = 55,000 pounds.
Aszenbled by Morth american Rockwell.

|
|
|
‘ Cost: $13,010,000.00!




8. Significance

Pariod Areas of Significance—Chack and justiy below

— prehistorlc  ___ archealogy-prehistoric .. commundty planning ____ tandecips srchisciure _ reldlglon

—_1400-149% . wreheology-hintoric — CONBeTVALON — W — mclanca

— 1500-159% __ wgreulture —— BCONOMICH — tlterature — sculpture

—_ 1600-1689  ___ srchiteciore —— sducation L — soclalf

___ 1700170 ___ant _Z_ enginsering __ muslc humanitarian

— T800-18%% __ commeica . sxploraiion/asmamant _ phitosophy — ihsater

A 1900- . cOmMmMunications ___ industry —_ politiceigovarnment X transportation
e Invamtion — . othar {specity]

e fpace Exzlorallon
Spacitic dates  1UGH-LGTS Buitder'Architeet pocing Adrcraft, leDonnald Douglas,

dAorth Ancrican Aockwell
Statemaent of Slgnificance |lp one paragraph] !

tm July 16, 1969, a Saturn V Space Vehicle rose from the lavnch pad carrying
astronauts Neil A. Aramstrong, Edwin E. Aldrin, and Michael Collins toward
mankind's first expedition to the surface of the moon. Because stages of the
Satura ¥V are not recovered after use, a Saturn which has actually flown a
mission will never bLe avallable teo the public. The test stages located st Ehe
Alabama Space and Racket Center are full operatiomal uwnits of the actwal f£light
stayes and provide a realistic view of the vehicle which carried the first men
Lo the moon and placed the first U.S. space station inte orbie.

Tha decision co develop the Saturn ¥V wae offlecially announced on Janwary 1,
L%62. It was the first large vehlele in the U.5. space program to be conceived
and developed for a specific purpose-—the lunar laading. WASA formally assigned
the task of developing the Saturo ¥V ko the Marshall Space Flight Center on
January 25, [967. Launch responsibility was given to tie Kennedy Space Center
in Flovida,

Marshall Center designers decided that a three—stage vehicle would best merve
the lmmediate needs for a lunat landing wission and also serve as a general

pur pose space exploration vehicle. The Saturn ¥ provided the U.5. with the
capaaility o put inko eactn otbit some ZED,008) pownds of payload or send
95,004 pounds to the moon. Duriog a seven-year perilod, a total of 13 Saturn ¥
vehicles were launched, including two unmanned test flighte; ten Apollo [lights
aud one flight which carried the Skylab space station to earch orbit. The
Saturn V performed successfully in all missions,Z

There are Chree remziriog exanples of the Saturn ¥ space vehicle in existence.
One is found ar the Kennedy 3pace Center, one i3 at the Johnson Wammed Space
Flighr Center, and the last 1z found at the Alabama Space and Rocket Museum in
Huntaville, Alabama, adfacent ot the Marghall Space Flight Center,

The 3aturn V at the Alahema Space and Rocket Muneum wag chogsen [0 represcilt che
clase of Saturn ¥'s as a hational Histuric Landmark for geveral reasons.

Le i Saturo V oat Meonteville is closely associated with its site. The design,
deveiopment., and umanufacture of the Sarurng was the respossibilicy of the
waisA—Marsnall Space Flight Center at Huntsville, Alabama, which ar the time,

was under the leadership of Tr. Werner von Brawn. Dr. -von Braun headed a
ralivnwide team drawn from industry, govermment, and the educational comunity
which proevided the expertise to produce the Saturn.
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2. The Saturn V¥ on display at the Alabama Space and Rocket Museum i= the
actual test rocket that was used in dynamic testing of the Saturn facilities ar
Huntsville. The stages of this rocket were used to check out all of the 327tuTo
¥ facilities at Huntsville. Thus, while the rocket was not intended to b
flown, it was a worwing vehicle that prepared the way for the Saturn ¥V rock:..
that were flown and eventyally destroyed.

3. The Saktuin ¥V at the Alabama Space and Rocket Museum is zlse the best preserved
gxanple of this space vehicle. It has been maintained since it went on exnibit

in 1969 and i= ir mint conditlon. Hoth the Saturn V's at the Kennedy Space

Center and the Houston Manned Space Flight Center exhibit extensive deteriorablon
due to the elemants.

4., Finally the Saturn V at the Alabama Space and Rocket Center has the bes:
remaining integricvy of the class. Ibks three principal stages and Instrument unit
arc intact thus representing all che necessary parts te the Saturn V that lsunched
the American exploration of the moon.

In a letter ty the Narional Register of Historie Places in 1578, Michael Collins,

Direvtor of the National Air and Space Museum and participant in the Apolio 11 .
mission that first landed men an the moon, s5aid the fallewing about the Savurn ¥

at the &labama snd Rocket Huseum:

This letter is written {n respoase to the application by the Alabama SHpace
and Rocket Center recomoending listing of the Saturn V space launch vehicle
on the National Register of Historic Places.

The uniqueness of the Saturn ¢, the high level of technology that it
tepresents and the successful role thac it played ia making possible man's
landing on the Moon seems= to gualify for natienal recogniticm by placemant
on the Matlonsl Register of Historic Flaces. In addition, the locatioa is
adjacent Lo the NASA/Marshall Space Flight Center which was Tegponsible
for the design and development of this vebicle.

For these reascns we concur in the applicatien fer listing made by the
Alabama Space and Rocket Cenber .,

The Saturn ¥V Space Vehicle was a unlque engineeriag masterpiece that foromed the
key link in the chalu that enabled Americans to travel to the moom, The success
of the Saturn ¥ made possible the success of the Ameriean Space Frogranm.
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Foutnotes

1. FEdward 0. Bucklee, "National Register of HWietorilc Places Iaventory Saturn
¥ Space Vehicle Huntsville" (Alabama, Alabama Space and Rocket Center, 1477},

P 2.

2. Ibid., 3.
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10. Geographical Data

' Acreage of nominated property _ LESE Lan 1 acre
Clusdrangle name __Madieon Qupdrangle scale 1.2 500
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Yorbai boundary description and justiification

e poundary of the Satarn ¥V Smace vepicle is shown as the grecn line on the
acroruany ing map entitled "Rocket Park.”

List ail states snd counties for proparties overlapping sinie or cownrly boundariss

atate code coumy code
aiote Code caunty E_i'“
. 1. Form Prepared By
nam#:dile oy Al By ;
| arganization M.t ional Parz Service daie av 15, 1984
strMHnumbEL Oiwisima 0Ff Histovy talephona {Z02] 3.43-8166.
elty ortewn  Washinstor, D.C. 20240 statn

12. State Historic Preservation Officer Certitication

Thr eveiuatad significance of this proparty within the steie i5:

__ . national .. State . local

A5 the designated Siale Historic Preservation Dificer 1oF the Natlonal Historic Preservation Act of 1966 (Pubdic Law 29—
6631, | herety nominalte this properly for Inclusicn {n the National Reglstar and cerlity that 1t has been evaluated
accordine "o the critaria and procadutes set jorlh by the Matlonal Park Sarvice.

A & istorle Preservation OHicer signature

H3 11 daim

For 8PS use oniy _
i herety ceriify that this property is included in e Natonal Reglatar

@ =
| Keeper ot the National Register

Attest: y Uate .

Chigf of Reqistration
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Schematic of Saturn V
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Saturn V Space Vehicle

Honstville, Alabama

Alabama Space and Rocket Center

1984

Alabama Space and Encket Cantar

Rear View of [st Stage of Saturn V Space Vehicle







Saturm ¥ Space Vehicle

Huntsvilie, Alzbama

Alabama Space and Eocker Center
1984

Alabama Space and Rocket Center
Side View of Saturn V Space Vehicle







Saturn ¥V Space Vehlicle

Huntsville, Alabama

NASA, Marshall Space Flight Center Feclilitiee Office
1982

MASA, Marshall Space Flight Center Facllities Gffice
Aerial View of “"Hocker Park™ at the Alabama Space
and Eocket Center sbowing the Saturn ¥V Space ¥Vehicle
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13. Space Launch Complex 2 (Vandenberg AFE}
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7. Description , o .

Condition Check one Chack ane

A excellent .. catericraled ___ unaltered X origingl site

... — good —_ruins X alterad ..—mmovad  date e e
— falr .. Unexpoand

Dexzcribe the praseni and original (if known) physic sl appearance

Space Launch Complex 2 {SLC—}) is at Vandenberg Air Force Base and is part ¢f

of the Keonedy Space Cegater Western Test Range Qperations Qffice. This cerolen
is compused of the WASA Launch Operations Building, Blockhouse, and Lwa izvw-rti
pads {East and West). SLC-2E was decommissioned and stripped inm 1973, SLO-YH
is active. 1Its lasc lavnch is scheduled for March 1984. Omly the blockhow.:
and pad Z-W with supporting structures tetain their integrity and are cuasidarad
a part of this nominatien. The NASA Launch Operations Building served to houss
NASA and contractar personnel between launches and s aot considered lntegral

to the zite and is act Included in this nominacion.

Blockhouse

The Launch Contrel Blockhouse at SLC-2 was and is used to gentrol launches frow
both thne Zast and West Pads. 1he blockhouse is a self-contained reinforcsd
concrete building capable of withstanding the dangers of catastrophic vehicls
fFailuce at 1ife-off. The contrel rvom room houses numetrous monitor constles
necessary bo suppurt Che vehicle and spacecraft during testing and final
councdown. Television meniters are moented in the control room wall for wieswing
Che wvehicle and eritical prelaunch Efunctions From cameras at vantage points
arcund fhe campl&x.l

Ump i 1.i.::alr_ Tower

The Umbilical Tower supports purge, coolant, and propellant liees as well e
electrical cables and eoviroonmental duets required for checkout and iaunch of
the Deltz Space venicle, The Tower 1s an B-feef x 8-feet x 124 feer—high fresz
standing steel structure W2

Service Structure

The Service Structure is a rail-mounted, steel structure 166 feet high. The
cuclosed tower , which is moved by & hydrvaulic drive system, is used fur erec-
tion, assembly, and checkout of Delta launch vehicles. The structure hes &
t3-ron overhead hridge crane, a 3-ton [nterior bridge crane, and one 2500-1b.
capacity elevator. Eight wocking levels are provided, with the tap one iofi-
nitely adjuscable within an 13—fect working range.
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Suppurt Sysiem

The support system for 5LC-2 includes propellant storage and handling eguipment,
hyaraulic power units, high pressure nitrogen and helium storage tanks, and a
aitrogen purge system. An alr-condiviening unit, hydro-paeumatic conctrols, and
vehicle checkout equipment dre housed in the lLaunch Pad Building and ia the
clectrical equipment building. The launcher has z wet flame bucket that is

used during ignition and lifr-off of the Delta Space Vehlcle.%



8. Significance

Pyriod Arsas of Signitizance—Check and Justily balow ‘

___ prehigtorle ___ archeclogy-prehisloric _ community planring  _ landscape architeciora___ ne'r..

_ T400-1489 . _ archesiogy-historic .. conparvation - W R ¥ AL

_. 1300-1593 ___ agriculture L — iiterature — ey

— 16001688 _ __ architeciure —. sducation — - milflary ~ - socint

—__ATOOT9R . ant “_ engineering ___ music DumEr Tt

—._-18DD-18%3 __ commerce —-r— mxploratiarsettiemant  phllosophy — Mheater

2 1900~ —. communlcations ___ industry __ politicwgovernment _%_ (ransporation
—___invention A T T

e ——. SONTO etz
Bpecific detes 15— (0.2 Builder-Architaet 7.3 Air Force

Statamant of Signiicances {in one paragraph}

Space Launch Complex Z was bullt for the Air Force in 1957 for their Interaedinte
Range Ballistic Missile {IERBM) Testing Program. The complex fired the Thor
I#EM in various USAF testing programs during its early years.

KAaSa acquired SLC-2E ip 19/2 aoad SLO-2W in 1969, HMinor modifications wero mode
an hoth pads so that HASA could launch its Delta rocket. Siance the Delta was 2
ditect outgrowth of the Ther rocket, modifications were kept to a minimum, The
complex was used by NASA to lauwnch polar orbiting satellites using the reliakle
Pelta rocket.  As the negd te launch polar orhiting satelliter decreased, NASA
abandoned SLC-3k in 1975 and concentrated its operations at 3LC-2W. SLC-ZH
teverted Lo the contrel of the Air Force which decommissiorned and stripped che
pad of 2ll wf its eguipwment and salvageable materials in 1975.

BLC=-2W is the bLest surviving example of a launch complex builr In the 195305 at .
the bepioping of the American effort to explore spacs. The blockhouse, with
its supporting electrical equipment, is Intact. Oniy che most minimum of
modifications were made over the vears. The blockhouse with its electronic
equipnent is teday the best suwrviving exapple of working electronics used to
support a gpace launch from this era. The only comparable example is the
blockhouse at Launch Complex 26 at Cape Canaveral Air Force Station., The
equipnent af Launch Complex 26 is not operatcional. It was reconstrucred for
visitor interpretatioo when Lawnch Complexr 26 became part of the bnited States
Alr Fores Museun. The equinment at the blockhouse at SLC-2 is operatilanal,
dates from the pericd of the 1450z, and i5 Integral to the site. It is the
best surviving example of this technology. '

In & sigilar manner che Launch Pad at SLC-2W is intace and survives from the
19505 with only mivor modifications dane to change from the Thor to the Delta
Launch Vehicle. While the Redstone gantry at Launch Complex 26 and the Atlasz
gantry at Launch Complex 13 &t Cape Canaveral Air Force Station ate comparable,
Che gantry and supporting sccuctures ait SLC-2W are in a better stake of presse-
vation, SLC—2W i3 scill a working complex and has been concinuously maintzined
since 1957, The last maintenance performed on Launch Complex 13 was in 1978,
The Kedstone paialry at Launch Complex 26 is in serieus danger of being lost to
tust and the elements.

SLC-2W with its blockhouse i a unique resource that reprasgnte the best surviving
example of a4 working :950s-era launch cowmplex that propelled Americans intoe
Gpace.



HWRE Formn 10-900-8
LER L1

United States Department of the Interior
MNational Park Servica

National Register of Historic Places
Inventory—Nomination Form

Continuation shesd {termn rueyer 7

Footnotes

1. Western Test Eange Operations Handbock (John F, Kennedy Space Center,
January 1968), p. V-1.

2. Technical Facilities Catalog Vel. 11 {Washington, D.C.: National aeronautics
and Space Administration, 1974), p. $-151.

3. Ibid.

4., Western Test Range Operations Handbook, p. V-7.
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See continuation sheets

10. Geographical Data

Acrsage of nominated property . €53 than L acre
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Varbal boundary description and justification

Gl

he boundeny 0f Snace Launch Complex W iz shown as the oreen line on the
avenmnanying map entiiled “Western Test Range Operations ianabook, Apgendix-
_Guaiie iaunnt Complow IW."

List all states and couniies for propertiss overlapping siste or county boundaries

atate coda county code

sintm Coche courty code

i1. Form Prepared By

Eﬂraﬂhh iy B s sy )
urgnntintlon watiomal Tarthk Si:rvic:-re . ' date May 13, 1984
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city or town washington, n.C. 20240 —

12. State Historic Preservation Officer Certification -

The evaluated significance of This property within the siaie I

— = natlonal i ——_local

As the designated Stete Historic Praservation Officer for the National Higioric Presarvation Acl of 1568 (Publlc Law 89—
B65), | herety nominate this preperty for inciusion in the Mational Register and certily that it has heen evalunind
according to the criterla and proceduras sat tarth by the Maiionat Park Sarvice.

Siate Historic Preservation Officer signature

title - gate
For HPS usa only
| hereby cerily that this property is included irt e Hational Register
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Keeper of the Mational Regishar
Altest: . date .
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APOLLO TRAINING FACILITIES

Lunar Landing Research Facility (Langley)
Rendezvous Docking Simulator (Langley}

Lunar Landing Training Vehicls (Alabama Space
and Rocket Center)

Neutral Bucyancy Space Simulater {Marshall)






Han in 5pace Theme Study

WY Form 15000 Federal Rgency Nominaticn

a1

' nited States Department of the Interior

| atlonal Park Service o For NP8 _,..,
National Register of Historic Places received
Inventory—Nomination Form datn entored

See Inatrucilons in How to Complete National Ragistar Farms
Type ail antries—complete applicable aactions

1. Name

historlc iupar Landing Research Facility

andiar common  {mbact Dynamics Research Facility

2. Location

strast & humber  Langley Research Center — ot how publication
city, town  iampton —— vichnity of congressional dlstrict
stale Wirginia code ol county Hampton code 630
3. Classification
Calsgory Ownerahip . Matvw Frasort Usa
___ district — publle — ecupied —— igricutiure 17T
buikdingls) — privaie — . uroecuped — COrnrcinl —— park
struniurd —— bath —— work v prosg Ml —— sducational — e privats rasidence
— 3ilm Public Accquisivian hcosssible - werierininemani —-—. reilglous
____object - i procass —i_ P PRt -2 grrveTeTeTH X stientific
- balng considered — N unrericied — It ¥ transporiation
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gicz-1=1- Yo wiil
4. Owner of Property
hame watienal Acrgnautics and Swage Admipistrakion (MASAY
sirest & number
city, town  asiiogton — viciniy of raim p.C, 20546
5. Location of Legal Description
courthouse, reglatry of deeds, eic. Wational Aeronautics and Space Administration (HASA)
sireet & numbar Hrral Property Management Office Code NEG
City. town ¢ M 1T - TToN atate D.0. 20545
6. Representation in Existing Surveys
tie Hone has ihis property Dasn datarmined aligible? __yas ____na
date — fedwrai ____siats . county ___ local

depository tor survey recordsy

city, town state




7. Description

Condltion Chack ane Chack one

4 axesllant ___cewrlorated _ unalterad £ _ original mite
___ pood —__ruine JX— altered — moved dais
- fair  Unexposed

Describa the presant and original {If known) physlcal sppaarancs

The Lunar Landing Research Facility ia in the West Area of the Langley Heaearch
Center. This facility was congtructed In 1965 at a cost of $3.5 milijon and
wag used by the Apello satronauts as a tralning simulator teo study and practice
piloting problems in the final phase of the lunar laznding mission, A liat of
the Apolle astronauts that trained on the Lunar Lznding Research Facllity can
be fournd in Appendix & at the rear of thls womlnation.

The Lunar Landing Research Facility is an A~frame steel structure 400 feet lomg
and 230 feer high, hAasoclated with this facility is a full-scale Apolle Lunar
Excursion Hodule or LEM, Simulation of lunar gravity is achieved by employlng
an overhead parcial-zuspension aystem which provides a lifting force by means
af cables acting through the wehiele'’s center of gravity =zo as to effectively
caucel all but one-sixth of earth's gravitational force. The lifting force and
vertical alignment of the cables are contrelled automatically throwgh the
action of servo-controlled hydrauvlic drive systems which power the overhead
traveling bridge crane and dolly unit mounted on the lavge gantry strutture.
The bridge Follows in the down-range motion of the vehicle, and the under-slung
dolly follows in cthe cress-range direction.l

The cables are attached to the vehicle by means of 2 gimbal system which provides .
freedom of motion in pitch, rall, and yaw. This system consists of a swiveled-

truss assembly directly over the cab and two vertical struts attached to the

vehicle on its pitch axis. Load cells are carried in the vertical struts Lo

senge cable force for the lift serve system, and cable angle sensers are mounted

ogn the beitom of the dolly to provide ercor feedback signals for the bridge

ang dolly secrvo drive systems. Automatic braking equipment built into the

servo drive units provide :in extr i safeiy feature. The LEM can fly in a space

of about 180 feet high, by 360 feet long, and 42 feer wide,<

The LEM was congtructed using many pileces of off the shelf equipment such as
the H-34 helicopter cabin and landing gear shock struts. WNikrogen gas was used
to pressurize the fuel system which provided 90 percent hydrogen peroxide to
the main lifcting body vocket assembly and to the 20 attitude rocket motors
located around the periphery of the vehicle frawe. The cab of the LEM can
accommodate two persons at the same time. A common ipstrument panel is mounted
between the two pilots. Attitude controls at the right hand seat consist of a
set of standard Foot pedals for yaw control and a two—axis side-arm controller
used for pitch and roll control, The left hand seat is provided wich a three-
axis side arm controller, Thrusc of the main engines 1s controlled by either
pilet with his left hand using the collective pitch levers., Weight of the
wvehicle is 12,000 pounds, of which 3300 pounds was hydrogen peroxide fuel,
giving a Flight duratien of slightly less than three mioutes, 3
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The Lunar Landing Research Facllity was also used as a lunar-walking simulater
for the Apelle astronsuts, Thls was done by suspending the subject on his side
ga that he was free to generate walking movements on a plane inclined to about
80.5 degrees relative to the vertlcal direction of earth's gravity. Suspension
for the cest subject was supplied by a series of slings and cables attached to
a lightweight trolly which traveled freely zleng an overhead track. By varying
the angle of the inclined plane it was possible to simulate other gravitational
fields. For example, to simulate the conditicn of weightlessness, the walkway
would be moved directly under the track soc that the cables were vertical and
the test subject horizontal,4

The base of the Lunar Landing Facility was modeled with fill dirt te rescenble
the surface of the Moon. Peock-marked holes, pits and craters resemble the
lunar landecape encountered by Apollo 11 when Lt landed oo the Moon inm July
1969, g

.The Lunar landing Facility is Intact and retaina alwost all of ice design

integrity. The facllity is now known as the Impact Dynamice Research Facilicy
and is used by WASA Langley for alrcraft ilopact studies. The base of the
facilicy hes been modified so that the sigulated lunsr landscape ia gone and
has been replaced by an impact ruaway that can be modified teo simulate variocus
typas of crash environments, The complex cable s&ystem that once rcarried the
LEM now supporta variloua test aircraft in crash studies. The lumar walkway has
been removed. The LEM fa on the aite but the main engine and some of the
controls have been removed. The original electronics sgsoclated with the site
are in the process of being upgraded to meet modern requirements of the crash
testing program.

An Institutional rehabilitacion of the office porticn of the facility is now
underway and will be completed by October 1, 1984,



8. Signiticance - .

Period Arsas of Signiticance—Check and justify balow

___prenlstoric  ____ archeGiogy-prehlsioric __ communily planning —— landscape mrchitecture___ religon

___ 14001489 ___ archeclogy-historic —— consarvathon — law — 3cience

— 1500-1589 ____ agricuitura e BCONOMICE — Itarmure —— sculpture

_ 16001689 ___ archiiscluie —— sducatlan —__ milluary — . sctialf

. 1700-1704 ___ art £ _ englneering — muslc humaniiarian

— 1B00-1B6G __ . commerce — explorsitonisatiiement — philosophy — theater

A 1e0d- __— communicetlons — incustry — _ politicegovernmant % transportation
— Invention _X__ other (apecify)

Space Exploration

Specific dutsa 1365-1372 BuildariArchitect ¥ASA

Statament of Significenca {in one parsgraph)

The Lunar Landing Research Facility permitred WASA to traln the Apcllo astronauts
to fly in a simulated lunar environment that produced LEM vehicle dynawmics.

This training gave Neil Armstrong and athers the opporcunity to safely experlence
the dynamics of lunar f£light while in a controlled research envircument.
Exparience gained at the Lunar Landing Hesearch Facility enabled Nell Armstrong
and others to train with a greater degree of confidence on the Lunar Besearch
Training vehicle at Houston and Edwards Alr Force Bage and eventually to journey
Ly the moon in July 1969,

The decision by President Joim F, Kennedy to land a man on the Moon by 1969
meant that NASA hed to quickly determine the method of accomplishing the joucney.
NASA engineers evaluated three means to do this by 1962: direct ascent, Earth-
arbit rendezvous {EQR), or lunar-orbit rendezvous (LOR).

Direct ascent to the moon was ruled gut because of the size of the launch wehicle
required to accomplish the missiem. The EOR concept was tuled oub because Lwg
laynch vehicles were required to mest missicn reguirements. NASA chose the LOR
concept which called for a single rocket to launch twe spacecraft inkto lunar
orblit where one would remain in orbit while the other would decend to the Moon.
The vehiele on the Moon would then boost itself back into lunar orbit, rendezvous
and doek with the mother ship, which w%would thea return to the Earth.

wWhile this was 4 bold plan that held out the promise of achieving a lunar
landing by 196% it presented many technical difficulcles. The LOR plan was
based on the premise chat NASA tralmed astronauts could master the techniques
of landing the LEM on the lunar suwface and returning to orbit and docking with
the mother ship, The Lunar Laoding Resesrch Facility was deslgned to solve one
part of this problem, thac is, how to land men on the surface of the Moon. The
need for such a facility arose from the fact that there was no direct parallel
between the unique plloting problems of the LEM and normal aircratt operating
in Earth's atmosphere. Conditions epcountered by the LEM were different due to
the Moon's lack of an atmosphere and low pravitational force. For example, =
vehicle cperating io the vicinity of the Moon requires the use of concrel rockels
which are operated in an on—off manner, thereby producing abrupt changes in
control torgues rather than the smocthly modulated controlled Lorques aof a
helicopter. Furthermore, inasmuch as the LEM hovers with a thrust equal to 1ts
weight, the lunar vehicle hovers with only one-sixth of the thrust required to
hover Cie 5ape vehicle in Earth's gravicy. 4As a result, the econtrol systen
characteristics in translation are markedly different from those of an Earth
vehicle, thus precluding the extrapolatfon of results in Earth conditions to
lunar conditions.g
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Experlences gained by the Apollo astronauts cn the Lunar Landing Hesearch
Facility indicated that it wae gpossibkle to successfully master the complicated
skills that were required to land the LEM on the Moon. Both Neil Armatrong and
Edwin Aldrin tralned there fotr many hours. Only when they successfully mastered
skills necessary to fly the LEM would NASA approve plans for their historic
first landing on the Moon in July 1%69.

Because of this, the Lunar Landing Regearch Facility was an indispensable tool
that enabled NASA to land a man on the Mopn by July 1959,

ala
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¥Footnotes

1. Donald E. Hewes, Reduced {ravity Simulator For Studies of Man's Mobility
In Space And On The Moon, Eeport Presented at the Human Factors Meeting,

Dayton, Ohie, Qctober 18-21, 1965 (Hawptoen, ¥a.: Langley Research Ceater,
1865, p 3.

2. Ibid.
3, Ibid., 4.
4. Tbid., 1-2.

5. No Author Given, Lunar Landing Research Facility (Hampton, Va.: Langley
Research Center, 1969), p. 1-Z.
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ASTRUNAUTE TRAINED AT

LUHAR LANDING RESFARCH FACILITY
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street & numbar rargley BErscarch  Cernter L —— mixt for pubtication
»
ciry, town Hampton . vicinity ot congresaionat district
state vitginia codes 51 county  Hampton cote 550
- | ] L ]

3. Classitication
Catagory Ownarshlp . Biatus Prapant Uan
. district & _ public . otcupied —... agricuttyre . muBsum
___ bulding{w] _— private —— dnoccupivd e cammarclal — prk
— atructurd e berth . Wk in progress — sducational —— privaie resicence

sita Public Acquiskition Accasuible ____ srmterminmant ___ Teligous

ohjact —— {n procoss = yiy: restricted L — -],

— Dlng conyitered — . yia: unrestricted o Inuentrini — ranaportstion
. m — miifary _X_ other: Inactive

4. Owner of Property

nama Fabional Asromautics and Swace Adminisiratign (HASH]

strowl & number

city, town  Hashington — ¥icinity of stete  D.C, 20546

5. Location of I..egal Descrigtion

cuurrhousg._ru-glstryuidudt. stc. MNational Aeronautics and Space Administration (NASA]

street & numbar Feal Praoperty Mapagement OIifice Code WHS

Cll'&'. town b2 5l gL on

6. Representation in Existing Surveys

gtate D.C.  20L2e

titie KT has this prapeTy Deen determined ebigibie? .__yes __._no

ate __ federal _ _ mtate __ county _ logal

deposiiory for survey records

Gity, town state




7. Description

Condltion Chachk ona Chack one

_E _axcellent — cteviorated __ unaltered X_ orkginal ajte
— . good —_ nins & nilered — moved dale
- Fair —___ unexposed

Dascribae the prasenit and original (K known) physlcal sppaarance

The Rendezvous Docking Simulator {RDS) is in Building 1244 in the East Area of
the Langley Research Center. The EDNS is a full-scale dynamic facility which
was used to study pilot-controlled docking of various types of space vehicles.
It was bullc In 196 and simuluted contolied docking procedures for both the
Geminl spacecraft with the Agena bowster aund the Apollo Lunar Excursion Module

with the Command Modulaz.

The simulator coneiscs of an overhead carriage and cable-suspended gimbal

system. The carriage is
freedom in translatiom.

electrically driven and provides three degrees of
The gimbal is hydraulically driven and provides three

degrees of freedom In rotatfon. Thus, cthe pilot flies the vehicle in six—

degree-of-freadom wotion

which is controlled in 2 clesed-loop fashion through a

ground-based analog computer. The operating volume of the simulator is 210
feet horizontally by 15 feet laterally and 40 feet vertically, This enabled
the test pilots tgo dock with target Gemini and Apalle spacecraft in a three
dimensional mode.l Depending upon the test, either .a full scale module of
the Gemini or Apolle spacecraft, could be hung from the slmulator.

After the completion of the Apolle program the Bendezvous Docking Simulakbor was
medified to solve open—and-clesed loop pilot eontrel proplems, aircraft landing
epproaches, slmulator validation studies, and passenger ride quallty studies.
The name of the facllity was changed and ic is now called the Beal-Time Dynamic
Siomlator. Modificarions to the facility consisted of remcving the Apolle
Command Module cockplt and installing an alreraft cockplt. The system was also
linked to the Langley real-time digital computer systexn and Langley landing

terrain scene generatﬂr.z

Ui .

At the present time thiz facility is oo longer in




8. Significance

.nrlud Araas of Bignificance—Check snd justily balow

__ prehistoric  _— archeoiogy-prehistoric . gommunity planning ____ landscape architeciure __ religion

__ 14001488 ___ archeclogy-histaric - GOonservation — law . science

__ 1501599 ____ agriculture - BCOnomics ___ Itarsture — sculpture

____ 18001698 ___ archiiecture e — education — military — socialf

___1700-1788 ___ art £ engineering — music humanitarian

__._ 1g~1609 . Ccommearce —— explorationssattiemeni . philascphy — thestar

A —__ communtcatione — Industry ___ politice’government =L trangportation
— inventicn —&_ owher [specity)

Ymace FExploriiion
Speciilc dates 19263-1%72 Builder/Architect Nh5A

Stalement of Significance {in cne parsgraph)

The Rendezvous Docking Simulator is signifiecant because Lt permitted NASA Eo
train Gemini and Apollo astromauts in decking procedures they had to master
before attempting to land on the moon. The slmulator gave Che astronguts the
experience of a docking spacecraft in a safe three dimensional mode that closely
approximated a space envirvoment. Training recelved here and in the Lunar
Landing Research Facllity was indlspensable to accomplishing the geoal of landing
men on the moon by 1969,

The decision by President Kennedy to land a man on the moon by 1969 meant that
NASA had to gquilckly declde the method of accomplishing the journmey. NASA
engineers decided that the best methed of accomplishing the goal of the moon
landing was through the concept of the lunar erbit rendezvous (LCR) which
called for a single Saturn V launch of two spacecraft inte lunar orbit wherse
one would remain inm orbit and the other would descend to the meon, Bucecessful
completion of this method of travellng to the moon meant that the vehlcle on
the moon would have to boost itself back into lunar orbit, rendezvous, and dock
with the mother ghip and then return te the Earth.

The LOR technigue was a bHold decision to speed up the schedule for landing a
man on the moon. To accomplish this mission it was essential that Apollo
astronauts be trained im all aspects and problems likely to arise in the arttempt
to dock the Apolle Command and Lunar Excursion Modules in lunar orblt., Failure
ta accomplish this docking would result in the fallure of the entire mission
and the likely less of the lives of the astronauts. This justified the need

for the Rendezvoue Docking Simulater. Omly when the Apollo astronauts had
successfully wastered rendezvous and docking ekills, learned oa this facilicy,
would NASA give permission for the attempt to land on the moon.
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10. Geographical Data

Acreage of nominaled property _LESS that 1 acre
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Yeorbal boundary description and justification
The boundary of the Rendozvous and Docking Simulator is contained within the
porimeter of Building 1244 in the Em=st Area of the Langley Research Center,

List al} states and cauntiey lor properiles overlmpping state or county boundaries

atsle code county ' code

sixie Ciche CounTy GOk
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12. State Historic Preservation Officer Certitication

The eveluabed significance of this proparty within the stais Is:

__. natlonal ] L Toeel
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Rendegvous Docking Simulator

Hampten, Virginia

NASA

1964

HASA, langley Archives DEfice

Rendezvous Docking Simulater with Gemini module
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Rendezvous Docking Simulator

Hampten, Virginia

NaSA

1964

NaSA, Langley Archlves Office

Rendezvous Docking Simulator Gemini module with
Agena Target Vehicie







Rendezvous Docking Simulator

Hampton, Virginia

Hasa

1984

MASA, langley Research Center Facllitles Qffice
Modern view of BDS on top of Building 1244
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Control Panel for the BDS
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Rendezveous Docking Simulator

Hampton, VYirginia

HASA

1984

NASA, Langley Research Center Faclliciea Qfflce
Control Panel for che BRDS




8. Significance

Peariod Arsas of Significence—Check and Justiy below
prehistorlc archeology-prehisiaric . community planning - lsndacape architecture __ religian
1400-1459 ___ archeciogy-historic ——_ conseryation — o ___ sclence
. 15001598 __ agriculture - aconomics — . literature —— sculpture
_. .. V600-1699 ____ archlietture — sducation — . miliwary — soelal
. 1ro0-1Tes . art _X _ engingering e MOUBIC humanitarian
____18DD-1899 ____ commarce - sxplaration/ssitiement ___ phtlosophy — thoater
A 1900 _% communications —_ industry ___ poiltica/government . iransportation
- Invertion X othar {specily)
space Exploration
Specific deiss 1958-1978 Bullder:Architect U.S. Army

Statement of Signilcance [in one paragrsph|

The Ploneer Station antenna was the first antemnma to support the Rational
Aeronautics and Space Administration's unmanned exploration nof deep space. It
was the prototype antenna for the entlre Deep Space Network and had many of its
design features ilncorporated into later improved antennas. Durlng the course

of its vperational life the Pioneer Deep space Station antenna tracked a variety
of HASA wissions including projects——FPloneer, Echo, Ranger, Lunar Orbiter,
Surveyor, Apello, Hellos, Mariner, Viking and Yoyager .

When NASA assipned responsibility to the Jet Propulsion Laboratory (JPL) for

the unmanned exploration of the moon and plagets in our sclar system, the

problems implicit in the assignment werg awesome, Arlde from desligning and
fabricating the spacecraft itself, JPL had to solve the many problems in extending
the acts of telecompunications and tracking. While research in sophisticated
techniques of space age telecommunications had been geing on since 19534, there

was little experience ia dealing with the practical problems of tracking a
spacecraft traveling far from Earth, malntaining communication ¢ontact, and
capturing radio waves generated from the far reaches of gpace. The problem wasz

tn degign and build a space broadcasting and racelving statlon here on Earth,-

Prior to the Space Act of 1958 constructicm begen on the Pioneer Station antenmna
as an Army project upder JPL. After the creaticm of MASA the Ploneer Statlon
antenna became the first deep space tracking atatien in'the NASA deep space
compunications network. In deciding where to build the Ploneer Station two
stipulations were that the locarion had to be far from man-made electrical and
commercial radic and television interference and that the terrain be of a
natural howl shape.“

A suitable site was found in the heart of the Mojave Desert in California, at
Fort Irwin, about 45 miles from the town of Barstew. It was at thie site that
JPL built the Pioneer Station antemma which eventually grew inte the Goldatane
Deep Space Communicaticns Complex. AL the present time the foldstone Complex
consists of four Deep Space Stations (D58s)--Pioneer (DSS 11), Echa (DS3 12),
venus {DSS 13) and Mars (DSS 14}, These stations are named for the projects in
which they first participated.>

To provide continous 24-hour coverage for space probeg, NASA algo established
two overseas tracking stations in the Deep Space Hetwork. These stativns are
in Canberra, Australia, and in Madrid, Spain, and are spaced approximately 120
degress apart 8¢ that spacecraft are always in view of at least one tracking
station.
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The Pioneer Station antenna representa the filrst generationm of 26-meter antennas
that enabled NASA to solve the technical problems of tracking deep space probes.
Although it has now been superseded by newer and more efficient antennas 1t was
the first, the prototype for the entire system. Features incorporated into the
latest generation of b4-meter antennas that enable NASA to track Ploneer and
Voyager Spacecraft to the very edge of the Sclar System and beyond were flrst
developed and proven at the Ploneer.Statlon. In recognition of the impertance
of the Ploneer station to the Deep Space Network, and to the people who worked
there, HASA dedlcated a plaque to the station in 1978 recognizing its role and
conty ibution to the continulng mission of WASA in the expleration of space.
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Footuakes

1. H. 4. Renzectti, ed., A History of the Deep Space Hetwork From Inception
to January 1, 1969 Technical Report 32-1533 (Pasadens, California: Jet
Pronulsion laboratory, 1971}, V¥al. 1., pp. 10-11.

1. Thid., 13,

3. Geldstane DSCC {(Pasadena, Callfornia; Jet Propulsion Laboratery, 19797,

e B
4, Thid.
5. Ibid.
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10. Geographical Data
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‘ Quadrangle name _ Culdstone lake Quadrangle scale __1:63,500
UMNT Raferencas
bl lslwlk sd Laslislogzys) U] g Ly
| Zonc Easting Nerming Zone  Eastng Morihing
N RN R N N
EJJILII il I I F|1|JLIL|||__!_IL||:J
J L] 1] | | | |

GJJIL[ | 4 HL ) Ll b

;:-hll boundary description and justiflcation

The boundary of the Ploneer Deep Space Station Antenna includes omly the Antenna
and the baze upon which it is now physically located,

List al! states and counties for propariies overlapping state or cownvty boundaries
sinte (=] county code
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26 METER (85"
ANTENNA, BLDG G-4
PIONEER STATION

SCALE: NONE
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2.
3.

5.
B.

Pioneer Deep Space Station

Fort Irwin, Califaornia

HNASA-IPL

Pre-1969

JPL Facllities Dffice

Aerial View of the Pioneer Deep 5pace
Station and support bulldings







Ploneer Deep Space Station

Fort Irwin, California

NASA-JFL

1933

JFL Facllitles Office

Exterior View of the Ploneer Deep Space Station
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MISSION CONTROL CENTERS

22. Space Flight Qperations Facility (JPL)

23, Apoilc Missien Contral Center (Johnson)
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7. Description

Chack one Check one
_ ¥ axcellent — demariorared _ unaltesed _X ariginel sive
- fuins A alterag —. moved date —

—_ unexposed

Dascribs the present and original {if known} physical appearance

The Space Flight Operations Facility (SFOF) 1s at the Jet Propulsion Laboratery
(JPL) in Pasadena, California. The SFOF 1s where spacecraft tracking and
scientific data are received and processed from JPL's Deep Space Network.

The SFOF wus constructed in 1963 and is composed of three floors and a basement
The SFOF is 2 sqguare bullding with 2 standby powerhouse extending from the
bagement on the west side., The entire structure encloses 122,074 square feet.

All parts of the bullding, except for parts of the bazement and the standby power

house, are air-conditioned to precise tolerances. The exterior of the structure
has a rock and concrete face.

At the heart of rhe SFOF is the Metwork Operativns Control Center which provides
a centralized control point for NASA'"s Deep Space Network. The Network Qperations
Control Center has two separate functlonal elements: Network Operations Control

and Network Data Processing.

The Ketwork Operatlons Contrel Center houses control conscles, video displays,
projection screens, status and operation displays, closed circuic television
communication links and telephones necessary te control and mopitor deep space

fiight operations., The Netwerk Data Processing Center houses the computers and

the dara storage and processing facilitles necessary to support the Network
Operations Control Center, Other areas of the bullding touse offlces, public
viewing areas and additional suppert facilicies for the Network Operaticms
Control Center.

The SFOF is an active NASA facility supporting various cngoing NASA projects
including the tracking of the Voyager Spacecraft, It has continually been
modified and its eguipment upgraded since it was bullt and put inte operaticm

in 1964,




8. Significance

Period Areas of Signiticance—Check snd justity balow
prehistorle archeotogy-prehistoric . community planning — landscape architectura ____ religion
.:. 1400--1488 ___ archeology-historic ___ conseryation _ law __. science
___1500-1598 ____ agriculture ___ aconomics —_ literature _ sculpture
_ 1s00-169% __ architecture . sducation — mitlitary __ social
_ 1700-1799 _.__art _i_ enginearing — _ music humanitarian
__  1600-1898 ___ commerca ___ explaration:setilament philosaphy ___.. theatar
1000~ *__ communications ___ Industry . polticaigovernment . transportatlon
___ 'nvention X ather (specify)
_ space Bxprlearaflon
Spacific dates 196 i-troneit Bullder Architect NASA

Ytatamert of Sigaificance (in one paragraph)

The Jet Propulsion Lahoratery from the beginning of lts asseciation with NHASLA

iu 1958 has served as the primary NASA center tor the unmanned exploration of

the planets. The first version of the Space Flight Operations Facility was

built in 1958 to support the Expleorer 1 satellite. This mission control center

was in a single voom that housed all the communications, recording, and other
suppor bt equipment necesasary for Exploter 1. By 1961, with the coming of

Project Ranger to explore the moon, it was obvious that a more elaporate mission
control center was necessary. The Space Flight Operationg Facilicy was consttuc-
ted to replace the original Explorer 1 missicn control center and to provide

the depth of technlcal support needed by newer generations of unmanned gpacecraft.

The Space Flight Operations Facllity was constructed to be part of the Deep
Space Network (DSN). The main elements in the DSN are the Deep Space Instrumen-

tation Facility (USFI}, the Ground Communications System {GLS), and the Space
Fiight Operations Facility {5FOC).

The DSIF is a network of tracking and communications stations located appraoximately
120 degrees apart in longitude to insure that a spacecraft is always within the
field of at least oue of the tracking stations.

The GCS consists of voice, teletype and high speed data cirevlts that 1link each
tracking station with both Cape Canaveral and the SPOY.

The SPOF at the Jet Propulsion Laborafory is the focal peint of the Deep Space
Network. The Space Flight Operations Wacility is signifieant because it ie the
hub of the vast communications netwerk through which NASA controls its unmanned
spaceeraft flying in deep space. Commands that control spacecraft flying
millions of miles from the earth are seac from the Network Control Center in

the Space ¥Flipht Operacions Facility. Scientifle and engineering information
generated by unmanned spacecraft is transmitted to the Space Flight Operations
Fatility. Inasmuch as the Jet Propulsion Laboratery i NASA's primary center

for the unmanned exploration of the planeta, the Space Flight Operations Facility
is the heart and mind of the Jet Propulsicn Laboratory, The Mariner, Viking,
Pioncer , and Yoyager prejects that have explored the planets and solar epvironment
have all been controlled for at least part of their missions in this facility.
The vast harvest of scientific information concerning the planets and the
universe gathered by these spacecralt first szw Lhe light of day and were read

by technicians working in the Space Flight Operations Facility.
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The scale of the achlevements of WASA's planetary exploration program aver the
last twenty years is staggering. Like the great early explorersz of human
history, Columbus, Magellan, Balboa, Cortes, and Champlain the unmanned space—
craft of NASA, Ranger, Mariner, Pioneer, Viking and Voyager have opened new
worlds to homan understanding and comprehensfion. The Space Flighr Operations
Facillty for this pericd of time has been at the heart of this operation.
Through the achievements of modern tachnology and communicaticps the entire
human family was able to travel to the planets and experience the thrill of
discovery. The S5Space Flight Operations Facility is the syobol of this technology
and the resocurce most closely associated with the unmanned planetary exploration
program of the Jet Propulsion Laboratory and the Wational Aeronautics and Space
Administration.
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Space Flight Operatlons Facilicy
Pasadena, California
NASA-JPL

1983
JPL Facilitles Office
Exterior View of Space Flight Dperations

Fac{lity Building #230







Space Flight Operaticns Control Faecllity
Pasadena, Californla
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1976

JPL Public Affaits Office

Interior View of the Network Operations
Control Center
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Space Flight Operations Facility
Pasadena, California

WiS4A—JPL

1981

JPL Public Affairs Office

Interior View of the Network Operations
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1. Name

hinteric Apollo Mission Control Canter

andfar commeon Migzion Control Cenker

2. Location

streel & number Lyndaen B, Johnrson Space Flight Center

_— et for publicstion

cily, town Houston — vicinity of congressio:  districl

1A T A8 ; 1
stata Texas cadea county Harris GOk 20
3. Classification
Category Gwnarship Status PFresani |
___ distriet - publie — accipied __ agrle tuce . museum
_X buidingls) — _ private _— unaccupied —_ vomr roiai - park
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___ abjact ——_in process i yas: regiricted X gove:. mamt # _ sclentific

— baing considered ___ ye3: unrestricted __indu: ial £ __ tranaporiation
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4. Owner of Propertly
name Walional Acronautics anpd Space administration {WASA)
street & number
city, town Waspington vieinity of state  O-C- 20546

5. Location of Legal Description

courthoiise, registry of deeds, eic.

Mabional pcronautics and Space Bdministrarion [WNASAD

zirest & numbar Aeal Properby Mapagement Office Code NXG

D.0, 20548

City. ten washinguon state

6. Representation in Existing Surveys

title fane ) nas this property been detarmined eligible? ___ yes - na
date __ _locemsl __ stgte __ counly — .. local
deposltory for survey records

City, tawn e




7. Description

Caondition Chack one Chack one

X encellent ___ deteriorated ___ unaltered _X _ original site
- qobd — ruing _X aitered ___ moved date
— lair e WnENposed

Describe the prasemt and original (it known) physical appearance

The Apollo Mission Control Center is inm Building 30 at the Lyndon E. Johoson

Manned Space Flight Ceater in Houston, Texas, The three-story structure consists

of a mission operations wing {MDW}, operations support wing {05W}, and an
interconnecting lobby wing. The MOW contains systems and equlpment required te
support the mission control funcrion. The OSW contains offices, laboratory,
and technical support areas for the flight operatiens directorate. The lobby
wing provides additional offlce space zod dormitory farilities utllized by
Elight controlers during space flights of extended duratiem. The mission
control center 1s supported by an emergency power building that houses standby
electrical power and alr-¢onditioning systems in the event that primary sources
fail.

vrincipal systems on the first fleor are the real time computer complex and the
communications systems. These systems support the dual mission facilities and
systems on the sccond and third floors. The communications system provides the
inter face between the mission control center in Houston and the manned space
flight network and the launch site.

Principal ateas on the second floor are the mission pperations control room
{MOCR), the staff support rooms (55R), the simulation faciliries, and the
master digital command system. The MOCR is the principal command and contral
center, statffed with key wission operations teams responsible for overall
manzgement of the Elight.

Principal areas on the third flesr are the MOCE, the S5R, the recovery control
room, the meteorological area, and the display and timing area. The MOCR and
$5R are exact duplications of the areas on the second fioor.

The recovery conkrol reom, the meteorological area, and the display and timing
areas support the dual mission facilities and systems on the second and third
floors.

The MOCR on the second floor is the principal command and decision area in the
MCC. Critical informacion related to spacectaft, launch vehicle, and ground
pystems, as well as aercmedical parameters from the worldwlde stations, ships,
and aircraft, is processed and displayed within the MOCR. Based on an analysis
of this continuocus flow of information, persommel in this reom mest assesa the
spacecraft flight status and progress, and then, in time-critical perlods,
determine the continvation, alteration, or termination of the space flight.

This is an coagoing NASA facllity and is currently being modified to accommedate
flights of the shuttle. The third floor of the facility has been turuéd over
ko the Air Force and is in the process of belng converted into a secure aread
from which alr Force shuttle flights will be monitored. The second floor of
the faeility housing the mission contrel cperations room 1s being divided incte
two rooms to accomnvdate inereasing numbers of shuttle flights.l



8. Significance

Areas of Significance—Check and justify balow

Pariod

__ prehistoric archeology-prehistoric community planning _ landscape architecture ral_lgtnn

___1ap0-3489 . archeology-historic — conservation _ . law ____ science

. __ 15001508 ____ agriculture . gconomics . \haraiure - . scu!pture

18001898 ___ architecturs . education - milllary __ . socialf

—— 17001793 ___an X engineering __.— musle humanitarian

. 15D0D-1898 ___ commerce ___ exploration/setiioment phllcsophy _ . iheatsr

£ 1p00- _¥X_ communications ___ lndustry ___ politica/government ___ transportation
_ inventicn _X _ other (apecity)

Space Txploration
specific dates 1965-Fresent Bulider Architect NASA -

Statemant of Significance [in one paragraph}

The aApel
with the manned spacecraft program of the United States.
used to monltor nine Gemini and all Apollo flights including the flight of

Apollo 11 that first landed men on the moon,
this facility was used to monitor manned spaceflights for Skylab,

Frogram

Apollo-Soyuz, and 21l recent Space Shurcle flights.

| The support provided by the Apollo Missio

1o Mission Control Center is significant because of its close association
This facility was

After the end of the Apollo

n Control Center to the first manned

| landing on the surface of Cthe moon was eritical to the success of the mission.

1t exercised Full mission control of €
liftoff from Launch Gomplex 39 at the

he flight of Apolle 11 from the time of
Kennedy Space Center to the time of

i splashdown in the Pacific. The technical management of all areas of vehicle

familiar to millions of Americans.

| systems of Apelle 11 including
activities, recovery suppori,

| . Through the use of television and the pr
the Apollo Mission Control during the first

flight dynamics, life systems, flight crew
and ground operations were handled here.

int newe media the scene of activity at
manned landing on the moon was made
When Neii armstrong reported his “glant

leap for mankind" to Mission Control his words weat tmmediately around the

world and into history.
39 at the Kernnedy Space Center are the twe resources t

Amer icans achievements of the manned space program les

first moon landing during the flight of Apolle 11 im July 1969.

The Apollo Mission Gontreol Center and Launch Gomplex
hat symbolize for mest

ding to the successful
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Yerbal boundary description and Justification

Tho boundary of the Apcllo Mission Control Center is df fined by the outside
perimeter of Building 32 at the Lyndon B, Johnson Spaw Center.

——
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2ion Control Circa 1963

Apnl,o ¥ s

Source: Mission Control Center, Mo Date, No Page Number,



The 16 positions in the control room and the primary
responsibilities are as follows. A graphic illustration shows the
location of these consoles.

t. Miagion Director — overall mission res naibility and con-
trol of flight test operations. In Project Mercury there were
no alternative mission objectives that could be exercised other
than early termination of the mission. The Gemini and Apollo
Imissicns, however, offer many possible alternatives which have
to be decided in real time.

2. Department of Defense Representative — overall control
of Department of Defense forces supporting the misgion, -
cluding direction of: the depleyment of recovery forces, the
operation of the recovery communications hetwork, and the
search, Jocation and retrieval of the crew and spacecraft.

3. Public Affairs Oficer — responsible for providing informa-
tion on the mission status to the public.

4. Flight Director — responsible to the Operations Director
for detailed control of the mission from liftoff until conclusion
of the flight; assumes the duties of the Operations Director
in his absence,

5. Assistant Fhigbt Diirector — responsible to the Director
for deteiled control of the rission from lifto® through con-
clugion of the flight; assumes the duties of the Flight Director
during his absence.

6. Network Controller — has detailed operations] control of
the Ground Operational Support Syztem netwark,

7. Operations and Procedures Officer — responsible to the
Flight Director for the detailed implementation of the MCC!
Ground Operational Support Systemna mission control pro-
cedures,

8. Vehicle Systeris Engineers — monitor and evaluate the
performance of all electncal, mechanical and life support
equipment aboard the spacecraft (this includes the Agena
during rendezvous missions).

6. Flight Surgeon — directs all operational medical activities
concerned with the mission, including the status of the fght
CIew.

10. Spacecraft Communicator — voice carnmunications with
the astronauts, exchanging information on the progress of the
rnission with thern,

11. Flight Dynamics Officer — monitors and evaluaies the
flizht parameters required to achieve a succesaful orbital
fAight; gives "GO or “Abert” recormmendations to the Fhght
Director.

12. Retrofire Officer — moniters impact prediction displays
gnd is respensible for determination of retrofite times.

13. Guidance Dficer — detects Stage 1 and Stage L1 slowrale
deviations and other proprammed events, verifies proper per-
formance of the Gemini Inertial Guidance Syslem and recom-
mends action to the Fhight Director.

14. Booster Svstems Engineer — monitors propellant tank
pressurization systems and adwises the fight crew and/or
Flight Director of sysfems shnormalities.

15. Assistant Flight Dynamics Officer — monitors and evalu-
ates Cemini launch vehicle systems and reports any asbnormal-
ties to the Flight Director.

16. Maintenance and Opetations Supetvisor — rezponsible
for the performance of MCC-H equipment and its abibity to
supporl the mission in progress.

Information is displayed on television monitors, in-
dicator lights and digital readout devices on the econscles.
Information is alko displayed on the large group display
projection screens at the front of the control room.

A visitor viewihg room, providing seating space for 74
persons, is located at the rear of each MOCR. This is a
separate room with a glass front which permits authorized.
visitors to observe the functioning of the control Toora during
a missicn.







Apoilo Misslon Coatrol Center

Houston, Texas

HABA

1966

NASA, Houston Fublic Affailrs Office
Aerial View of Apollo Mission Contrel,

Building 30
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Apollo Mission Contral Center

Housron, Texas

NASA

1979

NASA, Houston Public Affairs Qifice

Interior View of Mission Operations Contrel Room
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Apocllo Miassion Comtrel Center

RHouston, Texas

HASA

1882

NASA, Houston Public Affairs Office

Interior View of Mission Operations Control Rocm
during flight of Space Shuttle Challenger
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OTHER SUPPORT FACILITIES

Rogers Dry Lake (Edwards AFB}
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3. Classification
Category Ownerehip . Slatus Fro gk Uan
— dintried — & publie — Bceuphed —-. wgriculture . MUSBUM
___ buiddingis) _—— private — unoCsupled —_— oLyl —_— park
__structure _—__both — Wik It PO ——  sducational —_— BrvalE realdence
X gite Public Acquinition Accaxsible . SNursnment —. religlous
—__ object — ln process —X_ yua: rentricted —  govermmant — Sclemtific
— being connldend — ywn; unrewtricted - Ingtustrixl — h-mpuﬁrulhn cal
— N & miliaey _ ¥ other: grﬁc’:“ia:gﬁlca
Space Exploration
4. Owner of Property pace Exp
name mited States Air Force

straat & runtber Edwards Air Force Base

city, tawn e vicinity of ‘siate

5. Location of Legal Description

courthoune, regisiry of desds, eic. tmited States Air Force/LEE}

streut & numbar Buildinyg 5316, Bolling Air Force Base

Wasghi H -
eity, own ashington atate D.C

6. Representation in Existing Surveys

title Nate L han thia property been determined eligible? _ _ysa ___ no
datm —_— el e ___ cownty ___ local
depoatigry tar survey meords

eity, lawn sieis




7. Description

Condition Chack ona Check one

_%_ sxcellent —_ detarlorated _ & unalterad _¥X_ original aite
— good — ruins w— altwred —  movad  dame
T - — unexposed

Deacribe the presant and original {If known} physical appesrance

Rogers Dry lake is within the boundaries of Edwards Alr Force Base in California,
approximately 100 milee northeast of Los Angeles. Rogers Dry Lske Is part of

the Antelope Yalley region of the Mojave Desert and 18 bounded by the Scledad
Mountaing, the Sierra Pelcona ranges of the San Gabrial Mountains, the Long
Buttes, and the Tehachapi Mountains. The lake forma the lowpoint of the Antelope
vValley which raunges in altitude from 2,300 to 3,000 feet above sea level.

Bogers Dry Lake is sizty-five miles square and shaped roughly like a lopsided
figure-8, 12 1/2 miles long and 5 niles wide. It is a pluvial lake that was
formed during the late Pleistocene Era about 2.5-million vears ago. The leke
is maturaily flat and ite surface 1s unusally hard and can support up to 230
pounds per square Inch of pressure enabling even the heavliest ajrcraft to land
and take off From the lake bed. The lake ia dry for most of the year except for
brief occasions when rainfall fills the lake bottom to a depth of a few inches.

Rogers Dry lake has 60 miles of marked and maintained runways which arve 300

feet wide. {ts broad expanse of hardened clay surface forms the largest natural
landing £ield in the world.




8. Significance

Period Arsas of Significance—Chack and justify below _
prentstoric __._. archeology-prehiabaric ___ community planning . landscape architecturs __ religion
1400-1489 ____ archeology-historle - conservatian e e —_ science
15001599 ___ . agricuiture —aconapmlcy - Nerature __. . seulpture
. 1600-15699 ____ architeciure e Bducation _R  military — saclal
— 17001799 ____ an ____ enginearing — musit humanitarian
__..1800-189% ____ commerce _._. exploraticn/eeniament ___ philosophy — theatar
A 1g00- ___ communications —— industry —__ politics’government ____ wansportation
— . invantlon A oiner [zpecify]
Aeropnautical Researc
Specific dates 1933-Present Builder/Architect /g Space Exploration

Statemant of Slgniicanca (in ane paragraph)

Bogers Dry lLake is the primary resource assoclizated with and reaponsible for the
establishment of Edwards Ajr Force Bage and the Dryden Flight Research Facility.
Edwards AFB is the world's premier flight tegting and flight research center.
i Both Edwards and Dryden have had a proiound impact on the development of aero-
. space technology and military security. It is preclsely the presence of the
| natural attributes of ¢lean afir, Iscleted location, ldeal weather, variable
, terralin, and rhe large expanse of dry lakebeds that firsc actracted the Army to
i the Rogers Dry Lake im 1933. These natural assets enabled the milirary and
' later the Mational Advisory Committee for Aetonautics {(NACA) and the National
| Aeronautics and Space Administration (NASA} to flight test aireraft that were
on the cutting edge in aviation and asercapace techmology. Starting in 1947
with the flight of the Bell X-1, the firsr plane to break the sound barrier, to
the landing of che Space Shuttle Columbia inm i%81, Rogers Dry Lake has been che
scene of the mest impertant developments 1n the history of aviatiom.

| General History

Hogers Dry lLake area was little more that a watering stop for the Atchison,
: Tupek? & Santa Fe Railroad uwntil 1910 when the Corum Ffamily settled near the
lﬂ.kE - '

Clifferd Corum, his wife Effie, and his breother Balph were honmesteaders and
were the earliest known sectilers of this region. Seeking to sttrack others to
the area they buillc 2 combination stote and post aoffilce. Effle drove the

family buggy across the scorching desert geeking the necesgary signatures for a
petition that would officially give the Corum name to thelr post office, When
the Postal Departwent rejected the name because of ite similarity to zoobher
Californla towm, the Corums presisted io immortalizing thelr name. They decided
to reverse the letters In Corum and the name Huroc wag born.

Muror was first used by the military in 1933 when a small advance parcy from
March Field in Riverside came to design and maintain a bombing tange for the
Army Alr Corps. Four years later, the entilre Alr Ceorps was performing bombing
and gunnery maneuvers here.

At the outbreak of World War 1I, the south end of the lake was used for tralning
P-38 Lightning fighter pilots, and B-24 Liberstor snd B-25 Mitchell bomber
CrEWS .
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Bombing practice targets lnc¢luded a realisric 650-foot model of a Japanese Navy

heavy cruiser, dubbed the "Muroc-Haru.

Pilots and bombardiers used the “ship”

for strafing, identification, and skip ponbing practice. The Muroc—Maru passed

from landmark to legend in 1950 whenr it

was "sunk” as a flight hazard by Army

engineers, who first had to rid the hull of unexploded bombs.

In February 1942, Col. Benjamin W. Chidlaw and Lt. Col. Ralph P. Swofford of
the Materiel Center at Wright Field, Ohioc, on an extended tour of the western
United States, chose Hurcc Dry Lake as the ideal locatiom to test rfhe new
“super secret” Bell-built ¥P-59 jet airplane.

Later , negotiations with the HMuroc fombing and Gunnery Range commanding officer,
Maj. Glen L. Arbogast, resulted in assignment of a portion of Hurec Dry Lake
north of the Santa Fe Railroad for exclusive use of the Haterilel Center peraonnel
who had been directed to proceed to Muroc, California, to take charge of the
“Materiel Center Flight Test Site.” In September 1942, America's first jet

arrived at Muroc by rall. While it was

peing Teadied for its firatr flight, a

wooden propeller was attached te the nose of the aircraft to disguise 1its jet
propulsion. The YP-59A made its first Elight October i, 1942.

As tests of the XP-59A progressed, it becane apparent that the location was
ideal for testing aircraft. In addition to a climate assuring 350 days a year
flying weather, the ary lake was a ready-made emergency landing field for

experimental aircraft.

From December 1942 the base was called the Materiel Copmand Flight Test Base.
In 1944 it was redesignated the Muroc Flight Test Base. In October 1946 the

Muroe Flight Test Base on the north end
Cunnery Crew Trainiog 3ase on the sauth

of Muroc Dry Lake and the Bombing and
end of the dry lake at merged inteo &

single flight test facility at Huroc Army Adr Field under the jurisdiction of

the Air Materiel Command.

Muroc Army Alr Field was redesignated Murec adr Force Base in February 1948 and
hecame Edwards Air Foree Base in February 1949 in homor Capt. Glea W. Edwards.
A native of Lincoln, Califormia, Captain Edwards had been killed June 5, 1948,

during a performance test of a ¥E-49 “'f
official dedication of the newly named

Through the years, Edwards has Lkecn the
aircraft concepts and designs and has ¢
combat capability of the Air Force. Ma
the skies above Edwards., Gapt. Charles

lying wing” experimental jet bomber .
Edwards AFE took place January 27, 1950.

focal peint for testing and evaluating
ontributed directly to the iwmproved
ny aercspace “firsts” have asccurred in
E. Yeager hecame the Eirst man Eo braeak

the once-feared sound barrier. He accomplished this feat October 14, 1947, in

the Bell ¥-1 experimental rocket plane,
of the supersonic Century Series of fig
Super Sabre.

This led directly to the development
hter aircraft beginning with the FIOU
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The three X—-15s, the world's fastest and highest flying winged alrcraft, were
tested from 1959 until 1968. XKnowledge galned from their 199 flights in the
research program hastened the day of the United States manned space and meon
flights, '

The second X-153, now on display at the Air Force Huseum, Wright-Patrerson AFE,
Dayton, Ohio, set an unofficial world speed record of 4,520 mph Qctcober 3,
1967, The X-155 reached altitudes of more than &7 mliles, Other test projects
have included the XB-70A triple-sonic Alr Force research aircreft, the F-1llla
supersonic variable sweep-wing jet fighter, the X-13 vertical take—cff and
landing airplane, and the C-5A Galaxy cargc alvcraft.

AfFrer the X~15, the Air Force-National Aeronautic and Space Administration
{ RASA) research partnership turned to a different kind of eaperimental rocket
craft-—a specially contoured, wingless wvehicle called the lifting body.

Not designed for speed like the X158, the lifting bodies were shaped to fl¥y
both as a spacecraft and a wingless airplane. They were tested to determine
their qualities for an extended near—earth flight and for conventional runway
approach and landing. The knowledge gained from the lifting body research bas
aided in the development of the space shuttie.

The shuttle eliminates costly “throw-away” boosters and ocean splashdowms.
Fdwards AFE was the prime landing site for all spsce shuttle tests and develop-
ment flights. During the entire life of the space shuttle program the desert
base, with its uniquely qualified large drylake bed, will continue to be a
contingency landing eite on any orbital wmission.

The natural resource of Rogers Dry Lake has made possible the succeseful
development snd testing of generations of American aircraft leading te the

Space Shuttle today. Because of this assoclation with the Histary of american
Aviation the Rogers Dry Lake Is uniquely qualified for designation as a National
Historic Landmack. ’
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Foornotes

1. The descriptive material for the gensral history of thls section has
been taken from Antelope Valley Salutes Edwards AFB (Riverside, (a.:

Armed Bervices Press, 1982}, pp. 37-9.
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Rogers Dry Lake UTM References
Eogers Dry Lake Horth
A. LLFA42B690/ 3868300
B. 11/428958/3864000
. 11/426060/3859300
Rogers Dry Lake South
. 11/425600/3854500
E. 11/422870/38502380
F. 11/420000/3853950
Redman

G. 117416960/ 3856160
H. 11/417500/3857800
I. 1i1/420030/3859000

Epzers Dry lLake Horth

J. 11/421040/3860710
K. 11/420040/3863460

Edwar ds

L. l1/418850/3864360
M. 11/420150/3870860

Rogers Dry Lake Yorth

N. 11/422950/38729%40
0. 11/425860/3871360
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10. Geographical Data
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¥erbal boundary description and justification
The boundary of the Rogers Dry Lake is shown as the green line op the following
1.5.53.5. Maps: Rogers Bry Lake Horth, Bogers Dry L ke Scuth, Redman and Edwards,

List all statas and counthes for properties overizpping stete or coun'y bournderies

siale code COUNTY codk
atape code county l:ngl
‘ 1. Form Prepared By
Pt Harry A, Butowsky L
organization National Park Service date May 15, 1984
sireet & numbar Division of History Iuhph:ric {202) 343-2l6B

Washington, D.C. 20240

city or town atats

12. State Historic Preservation OIficer-Certiﬁcatinn

The avaluated significance of thin property within the atets la:

—_- nationai — - Al — kocat

An 1he dasignated State Historic Presarvation Officer for the Natlonal Hiatoric Pressrvatkon Act of 1988 (Public Law B9
555), f haraby naminate thia property ler inclualon in the Hationat Ragister and certlty that it has beeh evalusied
according te the criteria and procedures et forth by the Waticnal Park Sanvice.

Slabke Hiatoric Preservation CHicer signature

tithe dala

For NP5 use onty
| beraby certity that Lhis property is included in the National Reglater

. Keaper of 1he Hational Regisier
Attest: clrta

Chied of Registration
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Rogers Dry Lake

Edwards Alr Force Base

HASA

1983

NaBA, Dryden Flight Research Center

Iryden Flight Research Center and Edwards Air
Force Base next to the Rogers Ivy Lake







Rogers Dry Lake

Edwards Alr Torce Bage, California
HASA

Unknown

NiS&, Ixyden Flight Research Center
The Bell X-1E om the Bogers Dry Lake




Bl spssepy JDLELR Ly SIS
RG] Jaeasuy M wndag -7 4EH RUE S2NEUD.EY [BUDIEN, g




Eogers Dry Lake

Edwards Alr Force Base, Californis

HAZA

Uitknown

NAGA, Dryden Flight Research Center

The %~15 research aircraft on the Rogers Dry Lake
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Rogers Dry Lake

Edwards Alr Force Base, California

HASA

Unknawn

NASA, Dryden Flight Research Center

The M-2 lifting body on the Rogers Dry Lake
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Rogers Dxy Lake

Edwards air Force Base, California
NASA

Unknown

KASA, Dryden Flight Research Center
gpace Shuttle Challenger landing on the
Rogers Dry lake
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